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ABSTRACT
The different spatial distributions of N-bearing and O-bearing species, as is well known towards Orion KL, is one
of the long-lasting mysteries. We conducted a survey observation and chemical modeling study to investigate if the
different distributions of O- and N-bearing species are widely recognized in general star-forming regions. First, we
report our observational results of complex organic molecules (COMs) with the 45 m radio telescope at the Nobeyama
Radio Observatory towards eight star-forming regions. Through our spectral survey ranging from 80 to 108 GHz,
we detected CH3OH, HCOOCH3, CH3OCH3, (CH3)2CO, CH3CHO, CH3CH2CN, CH2CHCN, and NH2CHO. Their
molecular abundances were derived via the rotation diagram and the least squares methods. We found that N-bearing
molecules, tend to show stronger correlations with other N-bearing molecules rather than O-bearing molecules. While
G10.47+0.03 showed high fractional abundances of N-bearing species, those in NGC6334F were not so rich, being less
than 0.01 compared to CH3OH. Then, the molecular abundances towards these sources were evaluated by chemical
modeling with NAUTILUS three-phase gas-grain chemical code. Through the simulations of time evolutions for the
abundances of COMs, we suggest that observed correlations of fractional abundances between COMs can be explained
by the combination of the different temperature structures inside the hot cores and the different evolutionary phase.
Since our modeling could not fully explain the observed excitation temperatures, it is important to investigate the
efficiency of grain surface reactions and their activation barriers, and the binding energy of COMs to further promote
our understanding.
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1. INTRODUCTION
In the interstellar medium (ISM), almost 200 molecules (as listed by CDMS1) ranging from simple linear molecules to
complex organic molecules (COMs) were detected, mainly towards dark clouds, low-mass and high-mass star-forming
regions. While relatively simple species have been prime target for the previous astronomical studies, the study of
interstellar chemistry of COMs are still limited and has a lot of room to debate.
Among COMs, methanol (CH3OH), dimethyl either (CH3OCH3) and methyl formate (HCOOCH3) have been de-
tected towards various sources. Since the first detection by Ball et al. (1970), CH3OH was detected toward various
high-mass and low-mass star-forming regions, and circumstellar shell. HCOOCH3 was firstly detected by Brown et al.
(1975), and then HCOOCH3 has been reported towards several star forming regions (e.g., Bisschop et al. 2007). Since
the first detection by Snyder et al. (1974), CH3OCH3 is known as one of the abundant species in hot cores (Ikeda et al.
2001) and hot corinos such as IRAS 16293-2422 (Cazaux et al. 2003; Bottinelli et al. 2004). N-bearing COMs have
been less studied compared to these O-bearing species. Well known N-bearing species are vinyl cyanide (CH2CHCN)
and ethyl cyanide (CH3CH2CN), which have been detected towards Sgr B2, Orion KL, and other star-forming regions
(e.g., Gardner & Winnewisser 1975; Johnson et al. 1977). Recently, our group has successfully detected CH2NH and
CH3NH2 towards several star-forming regions (Suzuki et al. 2016; Ohishi et al. 2017).
However, the overall picture of COM evolution along with star-formation is still under debate. The correlations of
molecular abundances among certain species would be one of the good clues to connect the evolution of COMs and
the physical condition of hot cores. Such molecular correlation has been discussed in Orion KL. Blake et al. (1987)
claimed that O- and N-bearing species had different radial velocities. The recent interferometric observations enabled
us to see the different spatial distributions of COMs directly (e.g., Friedel et al. 2008; Peng et al. 2013), giving us
the direct evidence that O-bearing species are enhanced in the Orion Compact Ridge and N-bearing species are rich
in Orion Hot Core. Caselli et al. (1993) discussed the origin of chemical difference in Hot Core and Compact Ridge
by chemical modeling study. They claimed that the different chemistry would be due to the efficiency of thermal
evaporation before the warm-up of the cores, assuming that the initial temperature of Hot Core (40 K) would be
hotter than Compact Ridge (20 K). They reported that H2CO was efficiently converted to CH3OH in Compact ridge
than Hot Core, resulting in increase of not only CH3OH, but also CH3OCH3 and HCOOCH3, through the formation
of CH3OCH3 and HCOOCH3 via gas phase reactions using CH3OH. Their result also suggest that while the difference
in molecular abundances are caused by their chemical connections, but strongly enhanced by the source properties.
Since the chemical difference in hot cores would be a key to improve our knowledge about chemical evolution of COMs,
it would be quite important to know if such the correlation of molecular abundances are ubiquitous phenomena or
limited to only special sources. The first survey of O- and N-bearing COMs, CH2CHCN, CH3CH2CN, and CH3OCH3,
was conducted by Fontani et al. (2007), reporting the correlation of not only “CH2CHCN and CH3CH2CN”, but also
“CH2CHCN and CH3OCH3” and “CH3CH2CN and CH3OCH3”. They reported that the correlations of molecular
abundances of O- and N-bearing species. Therefore, the clear evidence of different spatial distributions between O- and
N- bearing species were not obtained. In this paper, we will present the results of our single-dish survey observations of
COMs towards high-mass star-forming regions, with large number of COMs than Fontani et al. (2007). Since we could
not obtain the spatial distributions of COMs, we use the radial velocities to discuss if molecules co-exist. Then, we will
investigate if the difference in molecular abundances of O- and N-bearing species are widely recognized. Furthermore,
we will discuss the connection of molecular correlation and the key physical condition of sources using our state-of-art
chemical model. As a result, we will report that, not only the connection of chemical reactions, the degree of absorption
onto grains determined by gas temperature may strongly affect the molecular abundances. The observational method
will be described in section 2 (Observations); our results will be described in section 3 (Results); We will compare the
modeling results and the observed abundances in section 4 (Discussion). We will summarize our work in section 5
(Conclusion).
2. OBSERVATIONS
In this paper, we report the observational results of well known COMs in hot cores: CH3OH, CH3OCH3, (CH3)2CO,
CH3CHO, NH2CHO, CH2CHCN, and CH3CH2CN. We conducted survey observations of COMs with the 45 m radio
telescope at the Nobeyama Radio Observatory (NRO), National Astronomical Observatory of Japan. Our data was
simultaneously obtained with our previous observations aimed to detect CH2NH and CH3NH2 (Suzuki et al. 2016;
1 https://www.astro.uni-koeln.de/cdms/molecules
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Ohishi et al. 2017), from March 2013 to May 2014. We used the TZ receiver (Nakajima et al. 2013) in the dual
polarization mode to obtain spectra between 78.8 to 108.4 GHz. Since the molecular line data in this paper was side
products of our previous surveys, our observed frequency ranges did not entirely cover this frequency range and differ
from source to source. The observed frequency ranges for each source are shown with the black color in Figure 1, and
its actual values are summarized in Table 2. We note that the observed frequency ranges are limited for DR21(OH)
and G19.61-0.23, where CH3NH2 survey was not conducted.
The SAM45 spectrometer was used for the backend with a frequency resolution of 122 kHz, corresponding to a
velocity resolution of 0.35 km s−1 at 105 GHz, but 0.46 km s−1 at 79 GHz. The system temperatures ranged from
150 to 300 K. The main beam efficiency (ηmb) was 0.37 for more than 90 GHz and 0.41 for less than 90 GHz, and the
beam size (FWHM) was linearly decreased from 20.6” at 80 to 15.5” at 106 GHz. Observations were performed in
the position switching mode. The pointing accuracy was checked by observing nearby SiO masers, and the pointing
error was typically 5”, wheres 10”, under windy condition.
Our target were eight hot core sources, G10.47+0.03, G31.41+0.3, Orion KL, NGC6334F, G34.3+0.2, W51 e1/e2,
G19.61-0.23, and DR21 (OH), where we detected CH2NH (Suzuki et al. 2016). Suzuki et al. (2016) conducted a survey
observation of CH2NH towards hot core sources, where CH3OH were known to be rich. Since CH3OH is known to
be formed via hydrogenation processes on grains, CH3OH would be a good indicator for other grain surface reactions,
which would form various COMs. The most CH2NH abundant source in this survey was G10.47+0.03, with its
fractional abundance compared to H2 molecules of 3.1 ×10
−8. The abundances of CH2NH were almost 10 times less
than G10.47+0.03, in W51 e1/e2, NGC6334F, and G19.61-0.23, where CH2NH abundances were, respectively, 2.8
×10−9, 2.4 ×10−9, and 1.4 ×10−9. Their different fractional abundances of CH2NH indicate that other N-bearing
species may be enhanced in these sources, as is known in Orion KL Hot Core and Compact Ridge. The observed
sources and their properties are summarized in Table 1.
3. RESULTS
3.1. Observed Spectra
In our survey, we detected more than 1000 molecular lines of CH3OH, CH3OCH3, HCOOCH3, CH3CHO, (CH3)2CO,
NH2CHO, CH2CHCN, and CH3CH2CN.
The rms noise levels per channel were ranging from 5 to ∼20 mK, depending on the source and the frequency. This
difference is due to the system temperature and the condition of TZ receiver. The rms noise levels sometimes different
from source to source due to our original purpose to detect CH2NH and CH3NH2 and the strategy to achieve it.
An example of the observed spectra for all sources from 105.6 to 105.9 GHz is shown in Figure 2. Although the
observed frequency ranges are different from source to source (Figure 1), this frequency range enable us to com-
pare the spectra for all observed sources. These species are well known in hot cores and most of the detections
were also supported by many authors through radio observations (see for example, Ikeda et al. 2001; Zernickel 2012;
Widicus Weaver et al. 2017) The detailed line parameters, such as radial velocities and line widths, were obtained by
the task of “Gaussian fitting” with “NEWSTAR”2, which was developed by NRO. As the results of this procedure,
our molecular lines were relatively well fitted unless they are blended with other transitions. These line parameters
will be described in the subsequent subsection for each source. All the observed lines are available on-line as the
supplementary file.
3.2. Derivation of Abundance
Here, we will describe the methodologies in deriving fractional abundances of COMs. In sources where enough
number of transitions were available, we calculated column densities (Nrot) of COMs using the rotation-diagram
method described in Turner (1991), and the following equation was employed:
log
3kW
8pi3νµ2SgIgK
= log
Nrot
Q(Trot)
−
Eu
k
log e
Trot
(1)
where W is the integrated intensity, S is the intrinsic line strength, d is the permanent electric dipole moment, gI
and gK are the nuclear spin degeneracy and the K-level degeneracy, respectively, N is the column density, Qrot is the
2 http://www.nro.nao.ac.jp/~nro45mrt/html/obs/newstar/
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rotational partition function, Eu is the upper level energy, and Trot is the rotation temperature. The column density
is derived from the interception of a diagram, and its slope will give us the excitation temperature. In this derivation,
the source size of 10” was assumed. As an example, the rotation diagrams of G10.47+0.03 and NGC6334F are shown
in Figures 3 and 4.
While rotation diagram method assumes that observed transitions are optically thin, this assumption is not always
correct. Also, the source size may have large uncertainty. A more accurate way to derive abundances is to use the least
squares fitting method with the equations of radiative transfer model described in Suzuki et al. (1992). This method
does not require the assumption of optically thin property of observed transitions, but assumes LTE condition. As we
will show the result below, the observed transitions are well explained by this method, suggesting this assumption is
not so bad. In our calculation, we also assumed the effect of the source size, which lead to the beam dilution. Then,
if the column density and excitation temperature are given, the brightness temperature can be calculated with the
following formula:
TB = (J(Tex)− J(Tbb))(1 − exp(−τ))ηmb(
ΘSource
Θbeam
)2, (2)
where
J(T ) =
hν
k
1
exp( hνkT )− 1
(3)
τ = 1.248× 10−13(
µ
D
)2S(
Nrot
cm−2
)(
∆v
km s−1
)−1
f(T,Eu)
Q(Tex)
(4)
f(T,Eu) = exp(
hν
kT
− 1)× exp(−Eu/kT ) (5)
Tbb is the brightness temperature of the cosmic background radiation (2.7 K), ηmb is the main beam efficiency,
ΘSource is the source size, and Θbeam is the beam size.
Thus, if more than three transitions are available, the best-estimated source size, the column density, and the
excitation temperatures, which make the χ2 minimum, can be derived via utilizing the Marquard method:
χ2(N, T,Θ) =
∑
i
(Ta∗(i)− Tcalc(N, T,Θ, i))2 (6)
“i” represents the number of observed transitions. In this method, Tcalc(N, T,Θ, i) is theoretically predicted bright-
ness temperature of a certain transition number “i” via the equation (2), under a given column density of N , the
excitation temperature of Tex, and the source size of Θ. In the equation (6), squares of subtractions of observed T a*(i)
values from corresponding predicted Tcalc(N, T,Θ, i) values are calculated for all “i”, and the χ
2(N, T,Θ) is given as
their sum. The initial column density and the excitation temperature are assumed from the rotation diagram method.
The initial column density for the Marquard method was given by multiplying the factor of ( 10”Θcontinuum )
2 to the Nrot,
where Θcontinuum is the size of continuum emission:
Ninitial = Nrot × (
10”
Θcontinuum
)2 (7)
3.3. Observational Results and the Obtained Abundances for Each Source
Our results can be found in Tables 3 and 4 for (1) rotational diagram method assuming a source size of 10” and
(2) using the χ2 method with a variable source size respectively. Although the value of source size of 10” is quite
uncertain, to estimate the fractional abundance assuming 10” source size and H2 column density from CO would be
one of a good way to estimate the fractional abundance (Suzuki et al. 2016). The column densities and the excitation
temperatures were used as the initial values in the analysis of the least squares method. We note that, if available, the
source sizes derived in the least squares method would be better one. With the error propagation from rms noise level
for observed transitions, we calculated the error of column densities with one sigma level. In addition, we added the
additional error of 15% compared to the main value as the calibration error when the transitions were obtained from
the different setup. With the least squares method, the source sizes were always smaller than 10”. We will refer to it
as the compact source case. If the numbers of detected lines were small, we fixed the source size and/or the excitation
temperatures. We summarize these exceptions, line properties for individual sources, and comparison with previous
studies in the subsequent subsections.
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The typical excitation temperatures for CH3CHO was ∼17 K, suggesting that CH3CHO would exist in the envelopes.
These low excitation temperatures of CH3CHO agree with the result by Ikeda et al. (2001). Therefore, we will exclude
CH3CHO in the below discussion for hot cores. The average of fractional abundances for the compact source sizes were
9.8×10−7, 3.6×10−7, 4.3×10−8, and 2.2×10−9 for CH3OH, HCOOCH3, CH3OCH3, and CH3CHO. Their dispersions
were 6.3×10−7, 3.3×10−7, 2.7×10−8, and 8.8×10−10 respectively, which were lower than their averaged fractional
abundances. On the other hand, the average of fractional abundances for the compact source sizes were 1.1×10−8,
4.0×10−8, and 1.6×10−8 for NH2CHO, CH2CHCN, and CH3CH2CN. Their dispersions of fractional abundances,
2.1×10−8, 5.6×10−8, and 2.5×10−8, respectively,were larger than their main values of fractional abundances. Hence,
N-bearing molecules tend to show wide range of fractional abundances than O-bearing molecules, suggesting that
abundances of N-bearing molecules would be more affected by the physical conditions of the sources.
In Table 5, we summarized the correlation coefficients between the observed abundances of COMs based on Table 4.
We added CH2NH abundances from Suzuki et al. (2016) in this table. The correlation coefficients of “CH3OH and
CH3OCH3”, “NH2CHO and CH3CH2CN”, and “CH2CHCN and CH2NH” were higher than 0.7, suggesting strong
positive correlation. In addition, observed N-bearing molecules tended to have larger correlation coefficients with
other N-bearing molecules, rather than O-bearing molecules. The correlation coefficients between N-bearing species
and O-bearing species were usually less than 0.2 and sometimes even negative, although the correlation coefficient of
“CH3OH and CH2CHCN” has exceptionally higher value of 0.51. (CH3)2CO was a unique molecule which showed
higher correlation coefficients with CH3OH, HCOOCH3, CH3CH2N, CH2CHCN, and CH2NH.
Since our source number is small, it would be essential to see the probability that our correlation coefficients are
identical to those of parent population, i.e., general star forming region. The t-test, described in detailed in section
2.2 of Wall et al. (1996), is a powerful tool to evaluate if the derived correlation coefficients represent that of parent
population. We performed the t-test to see the significance of these correlation coefficients. With a correlation
coefficient, r, it is known that a parameter of t = r
√
n−2√
1−r2 obeys with t distribution. We summarize this value in
Table 6. In t-test, this value of t presents the probability that the correlation coefficients of our sample are the same
as those of the parent population. This probability also depends on the degree of freedom of t-distribution, n-2, with n
being the number of sources where molecules were detected. In this work, n is six for CH3OH, NH2OH, CH3CH2CN,
and CH2NH, while seven for the other sources. Then, the significance level of the correlation coefficients is more than
95% if t is larger than 2.78 for n=6 and 2.57 for n=7, respectively.
As a result, we can confirm enough significance level only for the correlations with NH2CHO and CH2CHCN,
CH3CH2CN and CH2NH, and (CH3)2CO and CH2NH. While NH2CHO and (CH3)2CO contain O atom, these species
also showed the correlations with other N-bearing species. This result suggests that the correlation among different
species are not determined by only atoms they contain. For the correlation coefficients between other species, the
significance level is not enough for most cases with the current source number. The expansion of survey observations
would be required to confirm their correlations. Although we should have more data to confirm the general trend, there
are some sources where N-bearing species, NH2CHO, CH2CHCN, CH3CH2CN, and CH2NH are depleted compared
to CH3OH, a representative species of O-bearing species. With the fractional abundances under the compact source
size, the all abundances of above four N-bearing species compared to CH3OH are less than 0.01 for NGC6334F and
W51 e1/e2. Therefore, at least NGC6334F and W51 e1/e2 are special sources where N-bearing species are poor
compared to O-bearing species. The physical conditions to lead he different abundances of N-bearing species will
be discussed in the proceeding section, using the chemical abundances of representative sources, G10.47+0.03 and
NGC6334F, where N-bearing species are rich and not so rich.
3.3.1. G10.47+0.03
For extended source size, the abundances of O-bearing species, CH3OCH3, CH3OH, and CH3CHO were consistent
with Ikeda et al. (2001) within a factor of 3, considering that Ikeda et al. (2001) used a source size of 20”. The line
widths were typically 9 km s−1 for observed COMs except for CH3OCH3, whose transitions of EE, EA, AE, and AA
state were heavily blended with each other. While the radial velocity of CH2CHCN and CH3CH2CN were 67.7±0.4
and 66.9±0.6 km s−1, CH3OH and NH2CHO showed the slightly lower averaged radial velocity of 66.2±0.3 and
66.4±0.3 km s−1. However, although the radial velocity of CH2CHCN is the suggestive of the different peak position,
the difference of radial velocity for other species is small compared to the standard deviation of the radial velocities.
In G10.47+0.03, we determined the source sizes of observed species with previous mapping observations (Rolffs et al.
2011). Then, the column densities and the excitation temperatures were given by the least squares method. The number
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of observed transitions were not enough to analyze the abundances of (CH3)2CO via LTE analysis. Assuming that the
distribution of (CH3)2CO was the same as CH3CH2CN similar to Orion KL (Peng et al. 2013), we employed the source
size of 2” for the case of compact source, and the excitation temperature of 71 K. For other species, the source sizes
for the case of compact source were determined by the least squares method. The column densities of HCOOCH3,
CH2CHCN and CH3CH2CN for the compact source size were consistent with the results by Fontani et al. (2007),
where the source size was estimated from the line widths. Rolffs et al. (2011) also reported the abundances of CH3OH,
HCOOCH3, CH3OCH3, (CH3)2CO, NH2CHO, CH3CH2CN, and CH2CHCN, with the interferometric observations.
We note that our column densities of CH3OCH3, CH3CH2CN, and CH2CHCN was almost one order of magnitude
lower than the report by Rolffs et al. (2011), where they used smaller source size of 1.5”, which is corresponding to
the densest part of the core. We got more extended source sizes and lower column densities through our least squares
method probably because our single dish observation could not resolve such structure.
3.3.2. Orion KL
Our column densities under the extended source size were consistent with Ikeda et al. (2001) for CH3OH, HCOOCH3,
CH3CH2CN, and CH2CHCN. In addition, the comparable abundance of NH2CHO was reported by Turner (1991). For
the abundances under the compact source size, the column density of CH3CH2CN and CH2CHCN were consistent with
Rizzo et al. (2017) for the Hot Core, but our column densities of (CH3)2CO was three times higher than Peng et al.
(2013). This discrepancy would have come from the assumption of excitation temperature of 100 K in our survey, due
to lack of observed transitions with wide range of the energy level.
As it has been already discussed by many authors, the characteristics of molecular lines are clearly different for
O-bearing molecules and N-bearing molecules, which originate Compact Ridge and Hot Core, respectively. These
different distributions were also indicated from the different radial velocities obtained in our survey. HCOOCH3,
CH3OCH3 and CH3OH had the averaged radial velocities of 7.6±0.3, 7.6±0.6, and 7.7±0.4 km s
−1, respectively, while
CH2CHCN and CH3CH2CN showed the radial velocities of 4.9±0.8 and 4.6±0.9 km s
−1.
We calculated the abundances for compact source sizes based on previously reported spatial distributions of the
observed species. We used 5.2” for CH3OH (Peng et al. 2012), 2.8” for CH3CH2CN and (CH3)2CO (Peng et al. 2013),
CH3OCH3 (Brouillet et al. 2013), 3.5” for HCOOCH3 (Favre et al. 2011). We employed a source size of 2.8” for
CH2CHCN considering the distribution of CH3CH2CN, assuming that the distributions of them would similar to that
of (CH3)2CO (Peng et al. 2013).
3.3.3. NGC6334F
The previous observations of COMs to compare with our results were limited for NGC6334F, however, our column
densities of CH3OH and CH3OCH3 agreed with Ikeda et al. (2001).
The typical line width was ∼4.0 km s−1 in this source. The averaged radial velocities of O-bearing species, CH3OH,
HCOOCH3, and CH3OCH3 were -7.8±0.6, -7.5±0.4, and -7.7±0.8 km s
−1, while that of CH3CH2CN is -6.7±0.6 km s−1.
Hence, in this source, it is difficult to claim the different radial velocities with their standard deviations and this result
would suggest that COMs would exist in the same position.
Due to the lack of available data, the excitation temperatures of (CH3)2CO and CH2CHCN were assumed to be 80 K
referring to that of CH3CH2CN. The least squares fitting method was employed to estimate abundances under the
compact source sizes of CH3OH, HCOOCH3, and CH3OCH3. The initial source size was assumed to be 3.5” from the
source size of continuum emission (Herna´ndez-Herna´ndez et al. 2014). For CH3CH2CN, CH2CHCN and (CH3)2CO,
and NH2CHO, we fixed the source size to be 3.5” due to the lack of enough number of emission lines.
3.3.4. W51 e1/e2
While our column densities of CH3OH, HCOOCH3, and CH3OCH3 agreed with the previous studies (Ikeda et al.
2001; Fuchs et al. 2005), those of CH3CH2CN and CH2CHCN were lower than Ikeda et al. (2001) by a factor of four.
The averaged radial velocities of CH2CHCN and CH3CH2CN were 58.1±1.1 and 57.8±1.3 km s
−1, and their line
widths were about 10.0 km s−1. On the other hand, the radial velocities of CH3OH and HCOOCH3 were, respectively,
56.3±0.4 and 56.6±0.9 km s−1 and their typical line widths were 8.0 km s−1. It is known that W51 e1/e2 contains
two UCHII regions named e2 and e8 (Zhang et al. 1998). Since the systematic velocity for e2 and e8 are 55 and
59 km s−1, O-bearing and N-bearing molecules would be dominant in e2 and e8, respectively. While the difference in
radial velocities of CH2CHCN, CH3CH2CN, CH3OH and HCOOCH3 may due to the origin from the different UCHII
regions, the difference is not clear due to relatively high standard deviation.
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NH2CHO showed the low excitation temperature of 27 K, however, we note that the observed energy range is so
limited for this species to determine an accurate excitation temperature. For HCOOCH3, we could not obtain the
reliable abundance by the usual rotation diagram method due to large scattering. This would be due to the optical
thickness of some transitions. Considering that the strongest HCOOCH3 line show Ta* of ∼400 mK, we selected
only weak (Ta* < 0.1 K, corresponding to the quarter of 400 mK) line to select potentially optical thin lines in the
rotation diagram method. As the results, we obtained its excitation temperature and the column density of 113 K
and 3.5×1016 cm−2 assuming 10” source size. We used the least squares method using all observed lines, which can
calculate the effect of optical thickness, with this excitation temperature and the column density of 1.3×1018 cm−2,
which was obtained by multiplying a factor of (10”/2”)2 to the column density obtained in 10” source size. We note
that there is an uncertainty to use the column density and the excitation temperatures obtained through this method
as the initial value for the least squares method due to the effect of optically thickness. Therefore, as the initial values
for the least squares method, we changed the excitation temperature from 50 to 150 K and the initial column density
from 5×1017 to 5×1017 cm−2, to obtain the range of these parameters Finally we obtained the excitation temperature
and the column density of 98±20 K and 2.5±1×1018 cm−2.
The abundances under compact source size for (CH3)2CO was derived by assuming that the source size is the same
as the continuum emission size of 2” (Herna´ndez-Herna´ndez et al. 2014), and assuming the excitation temperatures
of 60 K, referring to that of CH2CHCN. The excitation temperature of CH2CHCN and NH2CHO were fixed to be
60 K and 27 K, respectively in deriving the abundances for compact source size due to the limited number of observed
transitions and the limited range of observed energy level.
3.3.5. G31.41+0.03
The observed column densities of CH3OH, HCOOCH3, CH3CH2CN, and CH2CHCN agreed with Ikeda et al. (2001)
and Fontani et al. (2007). Ikeda et al. (2001) reported higher column density of CH3OCH3 by a factor of four compared
to our abundance.
The averaged radial velocities of CH3OH, CH2CHCN, CH3CH2CN, and NH2CHO were fallen into 97.5±0.4 km s
−1.
It would be difficult to discuss their distributions from these results with our velocity resolution of 0.4 km s−1. While
the radial velocity for HCOOCH3 of 98.5±1.0 km s
−1 is relatively high, its standard deviation makes it difficult to be
distinguished from other species.
The source sizes of CH3OCH3 and HCOOCH3 were determined based on previous mapping observations
(Rivilla et al. 2017). The abundance of CH3CH2CN was not determined from the rotation diagram method, pre-
sumably due to optically thickness of observed transitions with low energy levels. Therefore we determined its
abundance by χ2 method, with the initial column density of 1.0×1017 cm−2, the initial excitation temperature of
118 K, and the initial source size of 1.1” from Beltran et al. (2005). Since the numbers of observed transition were
not enough for CH2CHCN, and (CH3)2CO, their source sizes were fixed to be the continuum size of 1.7”. Although
the excitation temperature of CH3CH2CN would be a good indicator for those of CH2CHCN, and (CH3)2CO, the ex-
citation temperature of CH3CH2CN has large error. An excitation temperature of 100 K was assumed for CH2CHCN
and (CH3)2CO, considering the higher excitation temperature of CH3CH2CN reported in Beltran et al. (2005). An
excitation temperature of 10 K was assumed for CH3CHO.
3.3.6. G34.3+0.2
The observed column densities of CH3OH, CH3CH2CN, and CH2CHCN agreed with Ikeda et al. (2001). Although
the column density of HCOOCH3 agreed with Fontani et al. (2007), our column density of HCOOCH3 was higher than
Ikeda et al. (2001) by an order of magnitude.
In this source, the averaged radial velocities for CH3OH, CH2CHCN, CH3CH2CN, and NH2CHO were fallen into
97.5±0.4 km s−1. This difference would not be enough to claim the different spatial distributions with our velocity
resolution of 0.35 km s−1. HCOOCH3 showed slightly higher radial velocity of 98.5±1.2 km s−1, however,
its standard deviation is not enough to be distinguished from other species.
The excitation temperature of HCOOCH3 was not determined from rotation diagram. This would be because some
transitions are optically thick and led to scattering of plots in rotation diagram. (CH3)2CO and NH2CHO abundances
were derived under the excitation temperatures of 60 K, considering that the excitation temperatures of CH3CH2CN
and HCOOCH3 derived with the least squares method are not so high, as described in the latter part of this subsection.
The least squares method was applied for CH3CH2CN, HCOOCH3, and CH3CH2CN, while this method was not
applied for CH2CHCN and CH3OCH3, due to lack of enough number of observed transitions. In Table 4, abun-
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dances under compact source sizes for (CH3)2CO, CH3OCH3, NH2CHO, and CH2CHCHN were simply derived by
compensating an effect of beam dilution.
3.3.7. G19.61-0.23
Our column densities of CH3OH, NH2CHO, and CH3CH2CN were consistent with the interferometric observation
by Qin et al. (2010). However, we note that the column density of CH3CH2CN was by an order of magnitude higher
than Fontani et al. (2007).
The obtained spectra of this source was limited from 103 to 105 GHz. Despite this limitation, some CH2CHCN,
CH3CH2CN, and CH3OH lines were detected. CH3OH and NH2CHO showed the averaged radial velocities
of ∼37.5±0.3 and ∼37.5±0.7 km s−1, while CH2CHCN showed that of ∼38.5±1.1 km s−1. The line width
for CH3OH of 5.9 km s
−1 was narrower than CH2CHCN and CH3CH2CN, which showed line widths
of 7.8 and 7.3 km s−1, respectively.
For the assumption of compact source sized, molecular abundances for this source were calculated assuming a
continuum source size of 2.5” due to the lack of enough observed transitions. The excitation temperatures of CH2CHCN
and CH3CH2CN were fixed at 60 K from the relatively lower excitation temperature of NH2CHO for this source.
3.3.8. DR21(OH)
Although the obtained spectra of this source was limited from 103 to 105 GHz in this source, CH3OH and HCOOCH3
were detected. We avoided to discuss the spatial structure of this source from line parameters, since only three lines
were available in total and their S/N ratios were not low. Their abundances were obtained assuming the excitation
temperature of 150 K, based on Ikeda et al. (2001).
4. EVALUATION BY CHEMICAL MODELING
4.1. The Chemical Model
To simulate the abundance of various COMs in hot cores, the NAUTILUS gas-grain chemical model (Ruaud et al.
2016) was used with the fast warm-up model presented in Garrod (2013). This chemical model computes the time
evolution of species in three-phases, gas-phase, grain surface, and grain mantle. All the physico-chemical processes
included in the model can be found with their corresponding equations in Ruaud et al. (2016). The gas-phase chem-
istry is described by the public network kida.uva.2014 (Wakelam et al. 2015). We incorporated reactions regarding
CH2NH and CH3NH2 from Suzuki et al. (2016) and reactions for COMs from Garrod (2013). The important chemical
reactions, cited from kida.uva.2014, Suzuki et al. (2016), and Garrod (2013) for the interested species are summarized
in Table 8 and Table 9.
For the initial composition, we used the initial abundances from Ruaud et al. (2016) assuming that the chemical
evolution started from atomic form except for H2. Elements with an ionization potential below 13.6 eV, corresponding
to that of hydrogen, C, S, Si, Fe, Na, Mg, Cl, and P were initially singly ionized.
4.2. The Physical Model
The physical evolution starts from diffuse cloud phase, where gas density increases by gravitational collapse. This
phase is called collapsing phase. The initial gas density, n, was increased up to the peak density as a function of time,
t, along with the modified free-fall differential equation shown below (Nejad et al. 1990):
dn
dt
= B
(
n4
ni
)1/3{
24piGmHni
[(
n
ni
)1/3
− 1
]}1/2
(8)
where ni is the initial density,mH is the mass of the hydrogen atom, and G is the gravitational constant. However, the
actual gravitational collapse would be somewhat slowed down than free-fall process due to the resistance of turbulent,
thermal motion, or magnetic field. Thus, the collapsing speed is adjusted by a parameter of B. The factor B=1
corresponds to the usual free-fall case. The smaller values of B than unity is used to assume the situation of non-
free-fall cases, as Garrod (2013) employed B=0.7 assuming that internal physical processes would be against free-fall
process. While the gas kinetic temperature was fixed at 10 K in this collapsing phase, the dust temperature, Tdust,
decreased from 19 to 8 K as was presented in Garrod (2011).
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Once the peak density was achieved, we fixed the density, and the gas and dust temperatures were raised to their
peak temperatures. After that, chemical evolution continued with fixing their temperature and density to their peak
values.
In section 4.3., we will discuss potentially important parameter in our modeling, by changing the initial density, ni,
the parameter of B, the peak density, the timescale of warm-up phase and the peak temperature. If one of these factors
largely contribute to difference of the chemical compositions of hot cores, they may be keys to explain the observed
chemical difference.
4.3. Parameter Dependence of the Chemical Network Simulations
4.3.1. Methodology
To discuss the difference in modeling results under different conditions, we computed “the degree of proximity”
(hereafter DoP) at each time step using the following formula:
DoP (t) =
1
Ntotal
∑
i
| log10
nA(X)i(t)
nB(X)i(t)
|, (9)
where nA(X)i(t) and nB(X)i(t) are the calculated abundance of species i at a certain time step t, with different
models A and B. Ntotal is the total number of species involved in the comparison. This formula will also be used
to evaluate the distance from observational results to our modeling, by replacing nB(X)i by observed fractional
abundances. DoP is similar to the distance of disagreement: the smaller value of DoP means a better agreement
between predicted abundances by modelings and/or observed abundances. Since the simulated fractional abundances
range up to 10−5 to less than 10−10, the comparison using the squares of the difference tends to underestimate the
importance of less abundant species. The comparison using logarithm in the above formula have an advantage in giving
the same weight for both overestimated and underestimated by a factor of k (| log10 k| = | log10 k
−1|). This method
was employed by many authors since suggested by Wakelam et al. (2006) for the first time. The observed species
except for CH3CHO were used to calculate DoPs since CH3CHO would be in low temperature envelope considering its
low excitation temperature (∼20 K). We will use the derived abundance of observed COMs from Table 4 and CH2NH
from Suzuki et al. (2016).
The parameters to test their importance are the following. (1) initial densities of 0.1, 1, and 10 cm−3, (2) warm-up
timescales of 7.1×102, 7.1×103, and 7.1×104 years, (3) peak densities of 1×106, 1×107, and 1×108 cm−3, (4) the
degree for resistance to gravitational collapsing, B, of 1, 0.7, 0.2, and 0.1, and (5) different peak temperatures of 30,
60, 90, 120, 150, and 200 K. We calculated DoPs compared to a standard simulations, which employed the initial
density of 1 cm−3, B=0.7, the peak density of 1×107 cm−3, the warm-up timescale of 7.1×104 years, and the peak
temperature of 200 K. The calculated DoPs are shown in Figure 5. Longer timescale than 1×106 years is doubtful
for the lifetime of hot cores (Wilner et al. 2001). Within this timescale, DoPs are small at any time in Figure 5 (1)
to (4). By contrast, DoPs were quite large under the different temperatures in Figure 5 (5), suggesting that the peak
temperature would be a key parameter to change chemical compositions of hot cores.
In Figure 6, the simulated abundances of COMs were compared under the different temperatures ranging from 30 K
to 200 K. The different degree of depletions of each species can be explained by the following reasons.
1. Each species has different binding energies, resulting in different evaporation rates.
2. A part of COMs were non-thermally liberated from grains with the formation heat (Garrod 2007). For instance,
the radicals such as OH, CH3, and HCO were not evaporate if the temperature is low (∼60 K), leading to the
formation of some kinds of COMs like CH3OCH3 and HCOOCH3 through thermal hopping and a part of the
products were released at that time due to the reaction heat.
3. If species were susceptible to the hydrogenation processes, they were converted on grain surface to be more
complex molecules when the temperature is low. Such species, CH2CHCN, NH2CHO, and CH2NH, tend to
decrease through the below hydrogenation processes (Theule et al. (2011) and Suzuki et al. (2016) for CH2NH,
Caselli et al. (1993) for CH2CHCN, and Noble et al. (2015) for NH2CHO):
CH2NH + H −→ CH2NH2
CH2CHCN + H −→ CH2CH2CN
NH2CHO + H −→ HNCHO + H2
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4.4. Comparison with Observed Data
In this subsection, we will discuss if observed abundances can be explained with the different structure of the
temperature inside of the hot cores. For comparison, we selected two representative hot cores, G10.47+0.03 and
NGC6334F. G10.47+0.03 is rich in N-bearing species compared to NGC6334F, providing us with preferable samples
to discuss chemical differences. In addition to the observed abundances of CH3OH, HCOOCH3, CH3OCH3, (CH3)2CO,
CH2CHCN, and NH2CHO in our survey, we will use the abundances of CH2NH for these sources from Suzuki et al.
(2016), where CH2NH abundances of G10.47+0.03 and NGC6334F were reported to be 3.1×10
−8 and 2.4×10−9.
Although CH3CH2CN is observed, this species is not included in the calculation of DoP since further discussion would
be needed for CH3CH2CN chemistry.
In actual hot cores, there would be a temperature gradient from inner hot region to outer warm region. We
approximately represented this temperature gradient in hot cores with a two-layer model, where the temperature
of inner core was fixed to be 200 K and the warm region with lower temperature was surrounding the inner core.
Although the this hot core would be further surrounded by the cold envelope, we did not consider the contribution of
the envelope in this model. The temperature and the volume of the warm region were free parameters in this model.
The temperatures of the warm region, Twarm, were set to be 30, 60, 90, 120, and 150 K. The different volume ratios
of the 200 K and the warm regions, Vwarm/V200K was assumed to be 1, 10, 100, and 1000, to represent the different
temperature structure of hot cores. Then, the chemical compositions are calculated as X200KV200K+XwarmVwarmV200K+Vwarm , where
Xwarm and X200K, respectively, represent the simulated fractional abundances under temperatures of Twarm and 200 K.
In this calculation, the ratio of Vwarm/V200K does not depend on the distance to the sources from the
Earth, since both of the volumes of Vwarm and V200K will proportionally decrease to the distance.
With this simulated abundances, DoPs for G10.47+0.03 and NGC6334F under the different Twarm and Vwarm/V200K
were calculated along with the physical evolution of the core. In Figure 7, the time evolution of DoPs under
Twarm=120 K were compared by assuming the different volume ratios of Vwarm/V200K. While DoPs of G10.47+0.03
showed the minimum values at 8.0×105 years and Vwarm/V200K of 100, the minimum of DoP for NGC6334F was
achieved at 6.5×105 years and Vwarm/V200K of 1000. The values of DoP and its best age is associated with the error
due to the uncertainties of observed abundance. While chemical reactions in our models also contain uncertainties with
their reaction coefficients, we neglect such error of chemistry to determine the best model since we have employed the
identical chemical dataset for all models and the uncertainties of DoP among models are determined only by the error
of observed abundances. Then the propagation of the error in Figure 4 associated with the abundances of species give
us the error of DoP of 0.04 for G10.47+0.03 and 0.05 for NC6334F. With these errors, we summarized the minimum
values of DoPs, achieved under other combinations of Twarm and Vwarm/V200K in Table 10 and 11. Finally we found
that (Twarm,Vwarm/V200K) = (120 K, 1000) for NGC6334F, was the best combinations of the parameters to explain the
observed abundances. For G10.47+0.03, both (Twarm,Vwarm/V200K) = (120 K, 100) and (120 K, 10) were appropriate
under the error of 0.05. The temperature of 120 K decreased the abundances of CH2NH, CH2CHCN, and NH2CHO
than CH3OH and CH3OCH3 through the absorption of these species and grain surface reactions. For the age of the
core, our results indicated that G10.47+0.03 is more evolved than NGC6334F, whereas hot region would be larger
than NGC6334F. The abundances of CH3OH, HCOOCH3, and CH3OCH3 decrease via the destruction reactions in
the gas phase, whereas those of CH2NH, CH2CHCN, and NH2CHO increase through their formation processes in the
gas phase. Therefore, observed N-bearing species tend to be rich in the evolved hot cores.
The best simulated abundances were compared with our observed abundances in Table 12. The symbols, s and o,
respectively, represent simulated abundances and observed abundance. Observed abundances are presented in bold
face if the difference from the simulated one is within a factor of 10. We found that the observed abundances for most
of species can be explained from our chemical model, except for underestimation of HCOOCH3 and overestimation
of NH2CHO in NGC6334F. These discrepancy would come from the uncertainties which are associated with the
desorption energies, and very simplified physical structure.
Are the observed correlations in Table 5 explained by our model by assuming the different temperature structures
inside hot cores and/or their different age? In this paper, we reported the interesting correlation between CH3OH,
HCOOCH3, and CH3OCH3, and between CH2NH, CH2CHCN, and NH2CHO, respectively. With the two-layer model,
if we change the ratio of Vwarm/V200K by fixing the age of the core to be 8.0×10
5 years and Twarm to be 120 K,
the fractional abundance of CH2NH, CH2CHCN and NH2CHO are almost linearly decreased, leading the correlation
coefficients among these species to be unity. While high correlation coefficients between N-bearing species are consistent
with our observation, the different Vwarm/V200K ratios could not explain the negative correlation coefficients between
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O- and N- bearing species. Another important factor for the correlations of molecular abundances would be the
age of the core. In Table 13, we showed the correlation coefficient between CH3OH, HCOOCH3, CH3OCH3, CH2NH,
CH2CHCN, and NH2CHO using the simulated abundances by the two-layer model in different ages, fixing Vwarm/V200K
of 100 and Twarm of 120 K. In the calculation of correlation coefficients, we used the chemical compositions of different
ages ranging from 1.0×105 to 1.0×106 years since the beginning of the warm-up phase by the interval of 5.0×104 years.
While CH3OH, HCOOCH3, and CH3OCH3 showed the high correlation coefficients, these O-bearing species have the
negative correlation coefficients with CH2NH and CH2CHCN. These results are consistent with our observational
results. However, the correlation coefficients between CH3OH and CH2NH and CH2CHCN are too low compared to
our observation. In addition, NH2CHO shows the correlation with CH3OH and HCOOCH3 rather than CH2NH and
CH2CHCN, contradicting with the observation. Therefore, the age of the core could only partly explain the observed
correlations. We suggest that both of the different age of the cores and the Vwarm/V200K ratios would contribute to
the observed correlations between CH3OH, HCOOCH3, CH3OCH3, CH2NH, CH2CHCN, and NH2CHO.
Although our model successfully explained the observed abundances, the temperature of 120 K seems higher consid-
ering the observed excitation temperatures. Since our physical structure and its time evolution would be oversimplified,
revision of physical structure would also be a key to improve our knowledge regarding the evolution of COMs. In ad-
dition, giving older age for G10.47+0.03 than NGC6334F do not agree with Suzuki et al. (2016), where we suggested
the possibility that G10.47+0.03 is evolved than NGC6334F based on the very weak hydrogen recombination line in
G10.47+0.03. One possibility to explain this discrepancy would be that the distributions of molecules and hydrogen
recombination are not overlapped with each other and we have observed the different component simultaneously. To-
wards G10.47+0.03, Cesaroni et al. (2010) detected two HCHII region indicative of the very early evolutionary phase
of star-formation. NGC6334F is known to have an UCHII region and hot cores associated with molecular emission
(SMA 3 and SMA 1 and 2 respectively, in Hunter et al. (2006)). Considering the non detection of the free-free emission
in Hunter et al. (2006), the age of the hot cores, SMA 1 and 2, are thought to be younger than SMA 3. However,
the detailed comparison of the ages of hot cores in G10.47+0.03 and NGC6334F is difficult with currently available
data. The mapping observations of molecular emission and hydrogen recombination lines with ALMA will be helpful
to resolve the detailed molecular distributions and their evolutionary phase for further discussion.
4.5. Comparison with Caselli et al. (1993)
It would be worth to discuss the difference of this work from the previous study by Caselli et al. (1993). They
investigated the chemical difference of Orion Hot Core and Compact Ridge, where N- and O-bearing species are
abundant, respectively. They prepared a Hot Core and a Compact Ridge models, where chemical evolution starts
from 40 K and 20 K, followed by the sudden increase of temperatures to 200 K and 100 K, respectively. For the initial
gas densities, the densities of 1×105 and 2×104 cm−3 were employed for the Hot Core and Compact Ridge models.
They found that N-bearing species such as CH2CHCN and CH3CH2CN are abundant in the Hot Core model than
the Compact Ridge model, since the higher temperature enables radicals to efficiently move to form C3N, followed
by successive hydrogenation to form CH2CHCN and CH3CH2CN. On the other hand, the abundance of CH3OH was
much higher in the Compact Ridge model, due to efficient hydrogenation processes. Other O-bearing species like
CH3OCH3 and HCOOCH3 were produced using the liberated CH3OH after warm-up phase.
While our results that the chemical difference between Hot Core and Compact Ridge might be reconciled by tem-
perature is consistent with Caselli et al. (1993), we emphasize the importance of temperature in the different way from
Caselli et al. (1993). We assumed that the evolution of the cloud starts from the diffuse cloud phase, where the temper-
ature and the density are as low as 1 cm−3. This assumption would be more reasonable than the one in Caselli et al.
(1993) as the initial condition for the evolution of the cores. In this case, CH3OH is equally produced during the
collapsing phase independent of the peak temperature in the following warm-up phase, inconsistent with Caselli et al.
(1993). Furthermore, in contrary to Caselli et al. (1993), the origins of CH3OCH3 and HCOOCH3 in our model were
not gas phase, due to the update of the rate coefficients of gas phase reactions based on current understanding that
gas phase recombination processes of positive ions were inefficient to produce COMs (Geppert et al. 2006).
In our model, the higher abundances of O-bearing species in the hot regions were simply due to their binding
energies. For N-bearing species, our model suggested that the differences in the abundances were not due to the
formation processes before the warm-up phase as suggested by Caselli et al. (1993), but due to the evaporation rates
after the warm-up. In this work, the difference of the chemical compositions is explained by the different temperatures
after the warm-up phase. N-bearing species, such as CH2CHCN, NH2CHO, and CH2NH, are formed in the gas phase
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with updated gas phase chemical reaction dataset than Caselli et al. (1993). However, if the temperature is not high
enough, a part of desorbed molecules were converted to the further complex molecules on the grains. Therefore, the
depletion of N-bearing species in Compact Ridge can be explained due to adsorption and the following destruction
process on grains under lower temperature than Hot Core.
4.6. Chemistry in Hot Core Envelopes
We found the very low excitation temperature (∼20 K) of CH3CHO. In addition, NH2CHO in W51 e1/e2 and
CH2CHCN in G34.3+0.2 clearly showed the excitation temperature of lower than 40 K. These species would mainly
exist in the envelope.
We performed chemical modeling assuming the condition of envelope to see if we can explain the observed abundances
of these species. We assumed the peak temperature of 30 K and the peak density of 1×106cm−3 and the other physical
conditions and chemical reactions were fixed with our standard model. In Figure 8 (a), we showed the simulated
fractional abundances of CH3CHO, CH2CHCN, and NH2CHO with the envelope model. We lowered the binding
energies of these species by 500 and 1000 K, respectively, in Figure 8 (b) and (c). Since thermal evaporation processes
are negligible in 30 K, chemical desorption processes and photo-evaporation by UV photons contribute to the liberation
of frozen species on grains. We used the equations of non-thermal desorption processes from Garrod (2007).
In Figure 8 (a), the peak abundances of CH3CHO, and NH2CHO were, respectively, 2.6×10
−10 and 1.9×10−11, which
were more than 10 times less than our observed abundances. Therefore, for these species, their observed fractional
abundances were not explained at all. Their fractional abundances has changed only slightly even if we changed the
binding energies in Figure 8 (b) and (c), suggesting that their discrepancies would not be due to the uncertainties of
the desorption energies.
We found that the peak of simulated fractional abundance of CH2CHCN was 6.4×10
−10. Although the fractional
abundance of CH2CHCN was enhanced by chemical desorption process in this case, we have to be careful of its
efficiency since the latest modeling by Wakelam et al. (2017) claimed that chemical desorption processes would be
less effective than previously thought. It is obvious that further detailed studies are required for the chemistry in the
envelope of hot cores.
5. CONCLUSION
The main results of this paper can be summarized as follows:
1. We conducted the survey observations of COMs towards high-mass star-forming regions. We reported more
than 1000 transitions of CH3OH, HCOOCH3, CH3OCH3, CH3CHO, (CH3)2CO, NH2CHO, CH2CHCN, and
CH3CH2CN. Their abundances and excitation temperatures were analyzed using the rotation diagram method
and the least squares method.
2. In this work, we aimed at testing whether different spatial distributions of N- versus O-bearing COMs could be
probed by spatially unresolved data, as previous work (Blake et al. 1987) indicated a shift in radial velocities
between N- and O-bearing species. Our results indicate that any existing velocity shifts are generally smaller
than the uncertainties on the measured velocities and hence do not allow us to draw any conclusions on different
spatial distribution of O- and N-bearing COMs from single-dish data. Future spatially resolved observations are
therefore crucial to investigate the origin of the emission from N- and O-bearing COMs in hot cores.
3. Among our sources NGC6334F and W51 e1/e2 are rich in N-bearing species than O-bearing species. In addition,
we found the possible correlations among N-bearing species based on our data. However, their significance levels
were not enough except for “CH2CHCN and NH2CHO” and “CH3CH2CN and CH2NH” due to the limited
number of sources. It would be essentially important to increase sources to confirm if such correlations are
general in star-forming regions.
4. With our chemical modeling study, we searched for essential parameter of star-forming regions that may dra-
matically change the chemical evolution. Through simulations under different physical conditions, i.e., initial
densities, warm-up speed, peak density, timescale of collapsing phase, and peak temperatures, we found that dif-
ferent temperature had a significant impact on the chemistry, while the effects from other parameters were small.
With observed chemical compositions of G10.47+0.03, and NGC6334F, where N-bearing species are rich and
not so rich, respectively, we discussed if observed chemical difference can be explained by assuming the different
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temperature structure and the age of cores. As a result, by assuming that high temperature region (∼200 K)
is dominant in G10.47+0.03 than NGC6334F and G10.47+0.03 is evolved than NGC6334F, we succeeded to
reproduce their observed abundances very well.
5. NH2CHO, CH2NH, and CH2CHCN would be enhanced if the hot region inside the hot core is large since these
species are susceptible to the hydrogenation processes if the temperature is low. In addition, our modeling
suggests that NH2CHO, CH2NH, and CH2CHCN are produced after the completion of the warm-up phase,
when CH3OH, HCOOCH3 and CH3OCH3 start to decrease. Therefore, the different age of cores would also lead
the correlations and anti-correlations between observed O- and N-bearing species. We suggest that both of the
different temperature structure inside the core and their evolutionary phase contribute to the observed molecular
correlations.
6. Our calculations suggested the importance for both gas phase and grain surface chemistry of CH3CH2CN. We
found that current model tends to increase CH3CH2CN abundance under 120 K, which does not match with the
observation. In addition, the possibility of gas phase formation process of “C2H6 + CN → CH3CH2CN + H”
should be investigated.
7. CH3CHO typically showed its excitation temperature of ∼20 K, and NH2CHO in W51 e1/e2 and CH2CHCN in
G34.3+0.2 showed their excitation temperatures of ∼30 K. The low excitation temperature of some COMs suggest
that they exist in hot core envelopes. While our chemical model for envelope suggested that CH2CHCN can be
non-thermally liberated from envelope, our model could not reproduce the observed NH2CHO and CH3CHO at
all. Further detailed studies would be required for the chemistry of hot core envelope.
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Figure 1. Observed frequency ranges for our sources are shown with black color.
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Figure 2. Observed spectra for all sources are compared from 105.6 to 105.9 GHz. Besides CH2NH analyzed in Suzuki et al.
(2016), CH3OCH3 transitions are detected.
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Figure 2. (continued) Observed spectra for all sources are compared from 84.3 to 84.6 GHz. CH3OH, HCOOCH3, and
NH2CHO are detected. This frequency was not observed for G19.61-0.23, G34.3+0.2, and DR21(OH).
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Figure 2. (continued) Observed spectra for all sources are compared from 86.74 to 87 GHz. CH3OH, CH2CHCN, and
CH3CH2CN are detected. This frequency was not observed for G19.61-0.23, G34.3+0.2, and DR21(OH).
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Figure 3. The rotation diagrams for G10.47+0.03.
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Figure 3. The rotation diagrams for G10.47+0.03.
22 Suzuki et al.
Figure 4. The rotation diagrams for NGC6334F.
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Figure 5. We calculated DoPs compared to a standard model, which employed the initial density of 1 cm−3, B=0.7, the
peak density of 1×107 cm−3, the warm-up timescale of 7.1×104 years, and the peak temperature of 200 K. The time of zero is
corresponding to the beginning of the warm-up phase. The calculated DoPs are shown for cases of (1) initial densities of 0.1 and
10 cm−3, (2) warm-up timescales of 7.1×102, and 7.1×103 years (3) peak densities of 1×106 and 1×108 cm−3, (4) the degree
for resistance to gravitational collapsing, B, of 1, 0.2, and 0.1, and (5) different peak temperatures of 30, 60, 90, 120 and 150 K.
The DoPs for 30, 60, 90 K models in (3) were higher than 3.0.
24 Suzuki et al.
Figure 6. Comparison of abundances of COMs simulated under the different peak temperatures, 30, 60, 90, 120, 150 and
200 K. We added the time evolution of CH2NH to compare with the observational results of Suzuki et al. (2016).
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Figure 6. (continued) Comparison of abundances of COMs simulated under the different peak temperatures, 30, 60, 90, 120,
150 and 200 K.
26 Suzuki et al.
Figure 7. DoPs under V120K/V200K=1, 10, 100, and 1000 were calculated for G10.47+0.03 and NGC6334F. Smaller
V120K/V200K represent a core where high temperature region is dominant.
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Figure 8. Chemical modeling of NH2CHO, CH3CHO, and CH2CHCN for envelopes of hot cores. We assumed the peak
temperature of 30 K and the peak density of 1×106 cm−2. In (b) and (c), we lowered the binding energies of these species by
500 K and 1000 K, respectively.
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Table 1. List of Observed Sources
Source
α(J2000)
h m s
δ(J2000)
◦ ’ ”
VLSR
(km s −1)
distance
(kpc)
X[CH2NH]
(x10−8) reference
Orion KL 05 35 14.5 -05 22 30.6 6 0.4 3.3 1, 2
NGC6334F 17 20 53.4 -35 47 1.0 -7 1.3 0.24 1, 3
G10.47+0.03 18 08 38.13 -19 51 49.4 68 8.5 3.1 1, 3
G19.61-0.23 18 27 38.0 -11 56 42 41.9 4.0 0.14 1, 4
G31.41+0.3 18 47 34.6 -01 12 43 97 7.9 0.88 1, 5
G34.3+0.2 18 53 18.54 +01 14 57.0 58 1.6 0.24 1, 3
W51 e1/e2 19 23 43.77 +14 30 25.9 57 5.4 0.28 1, 3
DR21 (OH) 20 39 01.1 +42 22 50.2 -3 1.5 0.14 1, 3
Note— The coordinate, radial velocity, and the distance to sources are summarized. The
fractional abundance of CH2NH compared to hydrogen reported in Suzuki et al. (2016) is
also shown. References. (1) Ikeda et al. (2001) (2)Menten et al. (2007) (3)Reid et al. (2014)
(4)Hofner & Churchwell (1996) (5)Churchwell et al. (1990)
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Table 2. The Observed Fre-
quency Range
Source
From
(GHz)
To
(GHz)
Orion KL 78.80 79.80
80.75 81.95
83.70 85.00
85.70 86.20
86.50 87.00
87.50 88.00
88.20 88.70
88.80 91.05
91.45 91.95
92.40 93.45
93.65 95.20
95.75 97.25
99.05 99.85
100.25 101.25
101.75 102.25
103.00 104.00
105.40 105.90
106.85 107.85
108.15 108.65
NGC6334F 78.80 79.80
80.50 81.95
83.70 85.00
85.50 87.00
87.50 88.75
88.80 91.05
91.45 91.95
92.40 93.45
93.65 95.20
95.75 97.25
98.25 98.75
99.05 100.20
100.25 101.25
101.75 102.25
103.00 104.00
105.40 105.90
106.85 107.85
108.40 108.65
G10.47+0.03 78.80 79.80
80.80 81.70
83.70 85.00
85.70 86.20
86.50 87.00
87.50 88.00
88.80 89.70
89.05 89.30
89.20 89.45
90.05 91.05
92.45 93.45
94.00 94.50
95.75 97.25
99.05 99.85
100.25 101.25
103.00 104.30
104.50 106.80
G19.61-0.23 103.00 106.80
G31.41+0.3 78.80 79.80
80.80 81.70
83.70 85.00
85.70 86.20
86.50 87.00
87.50 88.00
88.80 89.70
90.05 91.05
92.45 93.45
94.00 94.50
95.75 97.25
99.05 99.85
100.25 101.25
103.00 104.30
104.50 106.80
G34.3+0.2 78.80 79.80
80.50 81.00
81.45 81.95
85.50 86.50
87.75 88.75
89.50 91.00
91.45 91.95
92.40 93.40
93.65 94.15
94.20 95.20
98.25 98.75
99.20 100.20
100.40 101.25
101.75 102.25
103.00 104.00
105.40 105.90
106.85 107.85
108.40 108.65
W51 e1/e2 78.80 79.80
80.50 81.95
83.70 85.00
85.50 87.00
87.50 88.75
88.80 91.05
91.45 91.95
92.40 93.45
93.65 95.20
95.75 97.25
98.25 98.75
99.05 100.20
100.25 101.25
101.75 102.25
103.00 104.00
105.40 105.90
106.85 107.85
108.40 108.65
DR21 (OH) 103.00 106.80
Note— The observed frequency
range is shown.
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Table 3. Abundances Assuming 10” source size
Source
N[H2]
(1023 cm−2) Species
N
(cm−2)
Tex
(K) X
G10.47+0.03 1.3 CH3OH 2.7±0.8 (17) 185±20 2.1±0.6 (-6)
HCOOCH3 7.1±2.9 (15) 60±39 5.5±2.2 (-8)
CH3OCH3 3.0±0.9 (15) 119±14 2.3±0.7 (-8)
CH3CHO 3.0±1.4 (14) 10±2 2.3±1.1 (-9)
NH2CHO 1.9±29.0 (15) 119±58 1.5±22.4 (-8)
CH3CH2CN 2.3±0.6 (16) 398±209 1.8±0.5 (-7)
CH2CHCN 6.2±1.4 (15) 382±104 4.8±1.1 (-8)
(CH3)2CO 1.3±0.4 (16) [71] 1.0±0.3 (-7)
Orion KL 1.0 CH3OH 4.1±0.9 (17) 183±10 4.1±0.9 (-6)
HCOOCH3 3.4±2.5 (16) 80±43 3.4±2.5 (-7)
CH3OCH3 1.7±0.4 (16) 91±7 1.7±0.4 (-7)
CH3CHO 1.5±0.3 (14) 19±4 1.5±0.3 (-9)
NH2CHO 3.6±2.6 (14) [100] 3.6±2.6 (-9)
CH3CH2CN 9.9±2.7 (15) 146±28 9.9±2.7 (-8)
CH2CHCN 1.0±0.2 (15) 97±7 1.0±0.2 (-8)
(CH3)2CO 1.3±1.0 (16) [100] 1.3±1.0 (-7)
NGC6334F 2.0 CH3OH 3.1±1.0 (17) 201±24 1.6±0.5 (-6)
HCOOCH3 1.5±0.5 (17) 313±347 7.7±2.5 (-7)
CH3OCH3 7.0±2.7 (15) 140±42 3.5±1.3 (-8)
CH3CHO 7.4±2.1 (14) 28±11 3.7±1.1 (-9)
NH2CHO 2.2±0.9 (14) 50±30 1.1±0.4 (-9)
CH3CH2CN 3.4±1.3 (14) 83±31 1.7±0.6 (-9)
CH2CHCN 9.7±4.9 (13) [80] 4.9±2.4 (-10)
(CH3)2CO 6.4±4.7 (15) [80] 3.2±2.3 (-8)
W51 e1/e2 3.6 CH3OH 2.3±0.7 (17) 197±28 6.3±2.1 (-7)
HCOOCH3 3.5±1.3 (16) 113±32 9.8±3.6 (-8)
CH3OCH3 7.0±1.9 (15) 165±40 1.9±0.5 (-8)
CH3CHO 4.5±2.4 (14) 11±3 1.3±0.7 (-9)
NH2CHO 1.6±1.3 (14) 27±23 4.5±3.7 (-10)
CH3CH2CN 7.5±2.2 (14) 118±38 2.1±0.6 (-9)
CH2CHCN 1.2±0.5 (14) 60±24 3.3±1.3 (-10)
(CH3)2CO 4.3±2.8 (15) [60] 1.2±0.8 (-8)
G31.41+0.3 1.6 CH3OH 1.1±0.4 (17) 217±37 6.6±2.2 (-7)
HCOOCH3 1.8±0.9 (15) 32±15 1.1±0.6 (-8)
CH3OCH3 3.2±1.0 (15) 137±25 2.0±0.6 (-8)
CH3CHO 4.0±2.9 (14) [10] 2.5±1.8 (-9)
NH2CHO 3.2±0.9 (14) 62±15 2.0±0.6 (-9)
CH2CHCN 2.1±1.0 (14) [100] 1.3±0.7 (-9)
(CH3)2CO 1.5±1.0 (15) [100] 9.2±6.0 (-9)
G34.3+0.2 3.0 CH3OH 1.2±0.6 (17) 196±42 4.1±1.9 (-7)
HCOOCH3 5.5±1.8 (16) 350±412 1.8±0.6 (-7)
CH3OCH3 2.0±0.9 (15) 133±106 6.6±2.9 (-9)
CH3CHO 5.2±2.0 (14) [10] 1.7±0.7 (-9)
NH2CHO 2.1±0.9 (14) [60] 6.9±3.1 (-10)
CH3CH2CN 5.7±1.9 (14) 167±83 1.9±0.6 (-9)
CH2CHCN 0.0±0.0 (15) 25±10 1.5±1.1 (-10)
(CH3)2CO 3.2±2.6 (15) [60] 1.1±0.9 (-8)
Table 3 continued on next page
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Table 3 (continued)
Source
N[H2]
(1023 cm−2) Species
N
(cm−2)
Tex
(K) X
G19.61-0.23 CH3OH 3.5±3.3 (16) 131±68 5.2±4.9 (-9)
NH2CHO 1.9±0.7 (14) 78±57 2.9±1.1 (-11)
CH3CH2CN 1.4±1.0 (14) [60] 2.1±1.5 (-11)
CH2CHCN 5.3±3.0 (14) [60] 8.0±4.5 (-11)
DR21(OH) 2.0 CH3OH 4.6±1.0 (15) [150] 2.3±0.5 (-8)
HCOOCH3 1.1±0.7 (15) [150] 5.5±3.5 (-9)
Note— a (b) means a× 10b. 10” source size was assumed. Hydrogen column densities of these
sources were summarized in (Ikeda et al. 2001). A reliable data for hydrogen column density
under extended source was not available for G19.61-0.23.
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Table 4. Abundances in Compact Source Size
Species Source
Θ
initial
(sec)
N
initial
(cm−2)
Tex
initial
(K)
Θ
(sec)
N
(cm−2)
Tex
(K) X
CH3OH G10.47+0.03 4.3 (18) 185 [2.5] 4.7±1.3 (18) 135±32 7.0±2.0 (-7)
Orion KL 1.5 (18) 183 [5.2] 2.3±0.5 (18) 225±23 1.8±0.4 (-6)
NGC6334F 3.5 2.5 (18) 201 3.8±0.5 2.6±1.3 (18) 116±37 1.8±0.9 (-6)
W51 e1/e2 2 5.7 (18) 197 2.5±0.2 7.1±2.0 (18) 293±62 1.3±0.4 (-6)
G31.41+0.3 1.7 3.7 (18) 217 1.8±0.1 3.8±1.1 (18) 185±51 1.1±0.3 (-6)
G34.3+0.2 2.0 3.1 (18) 196 2.3±0.3 3.2±0.9 (18) 98±27 7.1±2.1 (-7)
G19.61-0.23 [2.5] 5.6±5.3 (17) [131] 8.3±7.9 (-8)
HCOOCH3 G10.47+0.03 1.8 (17) 60 [2.0] 3.1±2.3 (17) 83±54 4.6±3.4 (-8)
Orion KL 2.7 (17) 80 [3.5] 1.4±0.4 (17) 44±3 1.1±0.3 (-7)
NGC6334F 3.5 1.3 (18) 313 1.9±0.1 1.3±0.4 (18) 101±10 9.3±3.0 (-7)
W51 e1/e2 2 8.8 (17) 113 1.5±0.1 2.5±1.0 (18) 98±20 4.7±1.6 (-7)
G31.41+0.3 6.1 (16) 32 [1.7] 3.1±3.0 (17) 82±19 8.9±8.6 (-8)
G34.3+0.2 2.0 1.4 (18) 350 1.3±0.4 2.4±1.7 (18) 48±29 5.3±3.7 (-7)
CH3OCH3 G10.47+0.03 7.6 (16) 119 [2.0] 1.7±0.4 (17) 89±10 2.5±0.6 (-8)
Orion KL 1.4 (17) 91 [3.5] 6.5±1.9 (16) 178±24 5.0±1.5 (-8)
NGC6334F 3.5 5.7 (16) 140 2.1±0.2 1.2±0.6 (17) 82±16 8.6±4.0 (-8)
W51 e1/e2 2 1.8 (17) 165 1.4±0.1 2.9±1.2 (17) 91±23 5.4±2.3 (-8)
G31.41+0.3 1.1 (17) 137 [1.7] 1.0±0.3 (17) 85±21 2.9±0.9 (-8)
G34.3+0.2 [2.0] 4.9±2.9 (16) [117] 1.1±0.6 (-8)
(CH3)2CO G10.47+0.03 [2.0] 3.3±1.1 (17) [71] 4.9±1.6 (-8)
Orion KL [2.8] 1.7±1.3 (17) [100] 1.3±1.0 (-7)
NGC6334F [3.5] 5.2±3.8 (16) [80] 3.7±2.7 (-8)
W51 e1/e2 [2.0] 1.1±0.7 (17) [60] 2.0±1.4 (-8)
G31.41+0.3 [1.7] 2.3±1.0 (16) [100] 6.5±3.0 (-9)
G34.3+0.2 [2.0] 8.1±6.5 (16) [60] 1.8±1.4 (-8)
NH2CHO G10.47+0.03 8.5 (16) 119 [1.5] 1.3±0.6 (17) 121±69 1.9±0.8 (-8)
Orion KL [2.8] 2.9±2.1 (15) [100] 2.3±1.6 (-9)
NGC6334F [3.5] 1.8±0.7 (15) [50] 1.3±0.5 (-9)
W51 e1/e2 [2.0] 4.0±3.9 (15) [27] 7.6±7.4 (-10)
G31.41+0.3 1.7 1.1 (16) 62 1.8±0.3 1.0±0.7 (16) 41±18 2.9±1.9 (-9)
G34.3+0.2 [2.0] 5.2±2.3 (15) [60] 1.2±0.5 (-9)
G19.61-0.23 [2.5] 3.1±1.2 (15) [78] 4.6±1.8 (-10)
CH3CH2CN G10.47+0.03 5.7 (17) 398 [2.0] 1.8±0.6 (17) 71±3 2.7±0.8 (-8)
Orion KL 1.2 (17) 146 [2.8] 1.7±0.8 (17) 63±6 1.3±0.6 (-7)
NGC6334F 2.8 (15) 83 [3.5] 1.8±0.8 (15) 58±23 1.3±0.6 (-9)
W51 e1/e2 1.9 (16) 118 [2.0] 2.6±2.3 (16) 106±82 4.9±4.3 (-9)
G31.41+0.3 1.1 1.0 (17) 118 1.7±0.6 3.8±2.5 (17) 59±44 1.1±0.7 (-7)
G34.3+0.2 2.0 1.4 (16) 167 1.4±0.4 3.3±2.9 (16) 49±30 7.3±6.4 (-9)
G19.61-0.23 [2.5] 2.2±1.6 (15) [60] 3.3±2.4 (-10)
CH2CHCN G10.47+0.03 2.8 (17) 382 [1.5] 1.4±0.5 (17) 217±51 2.1±0.8 (-8)
Orion KL 1.3 (16) 97 [2.8] 1.6±0.9 (16) 122±50 1.2±0.7 (-8)
NGC6334F [3.5] 7.9±4.0 (14) [80] 5.7±2.8 (-10)
W51 e1/e2 [2.0] 3.0±1.2 (15) [60] 5.7±2.3 (-10)
G31.41+0.3 7.1 (15) [1.7] 7.1±3.6 (15) [100] 2.0±1.0 (-9)
G34.3+0.2 [2.0] 1.1±1.0 (15) [25] 2.5±2.2 (-10)
G19.61-0.23 [2.5] 8.5±4.8 (15) [60] 1.3±0.7 (-9)
Table 4 continued on next page
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Table 4 (continued)
Species Source
Θ
initial
(sec)
N
initial
(cm−2)
Tex
initial
(K)
Θ
(sec)
N
(cm−2)
Tex
(K) X
Note— a (b) means a× 10b. Fractional abundances were calculated from the H2 column densities: 6.69×1024 cm−2 for
G10.47+0.03, 1.35×1024 cm−2 for NGC6334F, 5.27×1024 cm−2 for W51 e1/e2, 3.53×1024 cm−2 for G31.41+0.03,
(Herna´ndez-Herna´ndez et al. 2014), 4.50×1024 cm−2 for G34.3+0.2 (Fontani et al. 2007), and 1.3×1024 cm−2
(Hirota et al. 2015) for Orion KL..
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Table 5. The Calculated Correlation Coefficients
HCOOCH3 CH3OCH3 (CH3)2CO NH2CHO CH3CH2CN CH2CHCN CH2NH
CH3OH 0.31 0.70 0.60 -0.12 0.51 -0.05 0.34
HCOOCH3 0.58 -0.34 -0.52 -0.62 -0.68 -0.74
CH3OCH3 0.22 -0.34 -0.14 -0.25 -0.21
(CH3)2CO 0.09 0.54 0.55 0.78
NH2CHO 0.01 0.88 0.66
CH3CH2CN 0.26 0.92
CH2CHCN 0.60
Note—The correlation coefficients were calculated with our observed abundances for compact source sizes.
The fractional abundances reported in Suzuki et al. (2016) was also added in this discussion.
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Table 6. The result of t-test
HCOOCH3 CH3OCH3 (CH3)2CO NH2CHO CH3CH2CN CH2CHCN CH2NH
CH3OH 0.65 1.96 1.50 -0.27 1.33 -0.10 0.81
HCOOCH3 1.42 -0.72 -1.22 -1.58 -1.85 -2.20
CH3OCH3 0.45 -0.72 -0.28 -0.52 -0.43
(CH3)2CO 0.18 1.28 1.32 2.49
NH2CHO 0.02 3.71 1.96
CH3CH2CN 0.54 5.25
CH2CHCN 1.50
Note—The result of t-test to evaluate the reliability of correlation coefficients. We showed the values with
their significance level more than 95% in boldface.
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Table 7. Desorption En-
ergies
Species ED (K)
CH3OH 5534
HCOOCH3 6295
CH3OCH3 3151
(CH3)2CO 3500
CH2NH 5534
CH3NH2 6584
CH2CHCN 5484
CH3CH2CN 5540
NH2CHO 5556
CH3CHO 2450
Note—Desorption energies
used our chemical reaction
model and dipole moments
cited from splatalogue.
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Table 8. Important Gas Phase Reactions Related to Interested COMs
Reaction α β γ
CH3OH
+
2 + e
− −→ H + H2 + H2CO 9.1 (-8) -6.7 (-1) 0
CH3OH
+
2 + e
− −→ H2O + CH3 8.19 (-8) -6.7 (-1) 0
CH3OH
+
2 + e
− −→ H + OH + CH3 4.64 (-7) -6.7 (-1) 0
CH3OH
+
2 + e
− −→ H + CH2 + H2O 1.91 (-7) -6.7 (-1) 0
CH3OH
+
2 + e
− −→ H + CH3OH 2.73 (-8) -6.7 (-1) 0
HC(OH)OCH+3 + e
− −→ HCOOCH3 + CH3OH 1.5 (-7) -5 (-1) 0
HC(OH)OCH+3 + e
− −→ HCOOCH3 + H 1.5 (-7) -5 (-1) 0
CH3OCH
+
4 + e
− −→ O+CH3 + CH4 7.48 (-7) -7 (-1) 0
CH3OCH
+
4
+ e− −→ CH3 + CH3OH 8.33 (-7) -7 (-1) 0
CH3OCH
+
4 + e
− −→ H + CH3OCH3+ 1.19 (-7) -7 (-1) 0
C2H4+CN −→ H + CH2CHCN 2.67 (-10) -6.9 (-1) 3.1 (1)
C2H4+CN −→ HCN + C2H3 2.14 (-10) -6.9 (-1) 3.1 (1)
C2H4CN
+ + e− −→ H2 + H2 1.5 (-7) -5 (-1) 0
C2H4CN
+ + e− −→ H + H2 1 (-6) -3 (-1) 0
C2H4CN
+ + e− −→ H + CH2CHCN 1 (-6) -3 (-1) 0
C3H6OH
+ + e− −→ CH3 + CH3CHO 1.5 (-7) -5 (-1) 0
C3H6OH
+ + e− −→ H + (CH3)2CO 1.5 (-7) -5 (-1) 0
CH3COCH
+
4 + e
− −→ CH3CO + CH3+H 6.75 (-8) -5 (-1) 0
CH3COCH
+
4 + e
− −→ H2CCO + CH4+H 6.75 (-8) -5 (-1) 0
CH3COCH
+
4 + e
− −→ CH3CO + CH4 1.5 (-8) -5 (-1) 0
CH3COCH
+
4 + e
− −→ (CH3)2CO + H 1.5 (-8) -5 (-1) 0
CH3COCH
+
4 +e
− −→ CH3 + CO + CH4 6.75 (-8) -5 (-1) 0
H2CO + NH2 −→ H + NH2CHO 2.6 (-12) -2.1 (0) 2.69 (1)
NH + CH3 −→ CH2NH + H 1.3 (-10) 1.7 (-1) 0
CH + NH3 −→ CH2NH + H 1.52 (-10) -5 (-2) 0
CH2NH
+
2 + e
− −→ CH2NH + H 1.5 (-7) -5 (-1) 0
CH3NH
+
3 + e
− −→ CH2NH + H2 + H 1.5 (-7) -5 (-1) 0
CH3NH
+
2 + e
− −→ CH2NH + H2 1.5 (-7) -5 (-1) 0
Note— a (b) means a× 10b. α, β, and γ represent the coefficients for the Arrhenius
equation.
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Table 9. Dust Surface Reactions Related
to Interested COMs
Reaction
EA
(K)
CO + H −→ HCO 2.5 (3)
HCO + H −→ H2CO 0
H2CO + H −→ CH3O 2.2 (3)
H2CO + H −→ CH2OH 5.4 (3)
CH3O + H −→ CH3OH 0
CH2OH + H −→ CH3OH 0
CH3 + OH −→ CH3OH 0
CH3O + CH3 −→ CH3OCH3 0
HCO + CH3O −→ HCOOCH3 0
HC3N + H −→ CH2CCN 0
CH2CCN + H −→ CH2CHCN 0
CH2CHCN + H −→ CH3CHCN 0
CH3CHCN + H −→ CH3CH2CN 0
CH2 + CHCN −→ CH2CHCN 0
C2H5 + CN −→ CH3CH2CN 0
CH3 + CH2CN −→ CH3CH2CN 0
CH3CO + CH3 −→ (CH3)2CO 0
H + NH2CHO −→ H2+H2NCO 0
H + H2NCO −→ NH2CHO 0
NH2 + CHO −→ NH2CHO 0
HCN + H −→ HCNH 6.44 (3)
HCN + H −→ H2CN 3.65 (3)
HCNH + H −→ CH2NH 0
H2CN + H −→ CH2NH 0
CH2NH + H −→ CH3NH 2.13 (3)
CH2NH + H −→ CH2NH2 3.17 (3)
CH3NH + H −→ CH3NH2 0
CH2NH2 + H −→ CH3NH2 0
N + CH3 −→ CH2NH 0
NH + CH2 −→ CH2NH 0
NH2 + CH −→ CH2NH 0
NH2 + CH3 −→ CH3NH2 0
Note— The dust surface reactions related to
CH2NH are shown. EA represents the value
of the activation barrier. Since radical species
are so reactive, radical-radical reactions would
have no activation barriers. The activation
barriers for HCN and CH2NH were cited from
the theoretical study by Woon (2002).
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Table 10. DoPs for G10.47+0.03.
Vwarm/V200K
Twarm 1 10 100 1000
30 K 1.05 0.83 0.76 1.27
60 K 1.05 0.83 0.73 1.10
90 K 1.05 0.83 0.75 1.09
120 K 0.99 0.68 0.66 0.81
150 K 1.04 0.95 1.05 1.18
Note— The temperature gradient in-
side of the hot core was represented
by 200 K and warmer regions. DoPs
for G10.47+0.03 under the different
volume ratio, “Vwarm/V200K” and the
different temperature for the warm re-
gion, Twarm
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Table 11. DoPs for NGC6334F
Vwarm/V200K
Twarm 1 10 100 1000
30 K 1.25 1.10 1.20 1.56
60 K 1.24 1.10 1.16 1.39
90 K 1.24 1.21 1.06 1.24
120 K 1.26 1.24 1.03 0.86
150 K 1.25 1.15 1.17 1.19
Note— The temperature gradient in-
side of the hot core was represented
by 200 K and warmer regions. DoPs
for NGC6334F under the different
volume ratio, “Vwarm/V200K” and
the different temperature for the
warm region, Twarm.
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Table 12. Comparison of Simulated Abundances
with Observed Abundances
Species G10 (s) G10 (o) N63 (s) N63 (o)
CH3OH 3.0 (-7) 3.5 (-7) 9.6 (-7) 9.0 (-7)
HCOOCH3 2.0 (-8) 2.3 (-8) 5.0 (-10) 4.7 (-7)
CH3OCH3 7.3 (-8) 1.3 (-8) 1.7 (-7) 4.3 (-8)
(CH3)2CO 4.1 (-9) 2.5 (-8) 9.2 (-9) 2.1 (-9)
NH2CHO 2.8 (-8) 1.0 (-8) 9.6 (-9) 7.0 (-10)
CH2CHCN 1.6 (-9) 1.1 (-8) 3.9 (-10) 2.9 (-10)
CH2NH 3.9 (-8) 1.8 (-8) 8.4 (-9) 1.2 (-9)
Note— We searched for best time (DoP is minimum) to ex-
plain the observed abundances towards G10.47+0.03 (de-
noted as G10) and NGC6334F (denoted as N63) under the
V120K/V200K values of 1, 10, 100, and 1000. The simulated
abundances and the observed abundances are compared
in under the best time and V120K/V200K ratio, i.e., 8.7
×105 years and V120K/V200K=100 for G10.47+0.03, and
8.2 ×105 years and V120K/V200K=1000 for G10.47+0.03.
s and o, respectively, represent simulated abundances and
observed abundance. A factor of 0.5 was multiplied to the
observed fractional abundance to be compared with simu-
lated values. Observed abundances are presented in bold
face if the difference from the simulated one is within a
factor of 10.
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Table 13. The Predicted Correlation Coefficients between Observed
Molecules
HCOOCH3 CH3OCH3 NH2CHO CH2CHCN CH2NH
CH3OH 0.48 0.74 0.22 -0.89 -0.79
HCOOCH3 0.89 0.89 -0.78 -0.05
CH3OCH3 0.81 -0.90 -0.23
NH2CHO -0.54 0.34
CH2CHCN 0.60
Note— We calculated the correlation coefficients with our chemical model under
the different ages, fixing V120K/V200K to be 100 and Twarm to be 120 K. In
the calculation of the correlation coefficients, the simulated abundances in the
gas phase were employed in the different age of the core, starting from 1×105
up to 1×106 years by the time interval of 1×105 years.
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Table 14. Observed Lines towards G10.47+0.03
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 80.99371 80.99324 7(2) - 8(1) A
− 103 2.5 488 9.9 66.3 9
81.65344 81.65293 18(4) -19(3) E 493 5.9 228 9.9 66.1 8
84.42421 84.42378 13(-3) - 14(-2) E 274 4.3 262 9.7 66.5 6
84.52160 84.52117 5(1) - 4(0) E 40 3.1 1022 8.0 66.5 16
84.74446 84.74390 19(4) - 18(5) E 537 5.2 111 13.0 66.0 11
86.61607 86.61560 7(2) - 6(3) A− 103 1.4 515 9.8 66.4 15
86.90346 86.90295 7(2) - 6(3) A+ 103 1.4 560 9.8 66.2 14
88.94051 88.93999 15(3,12) - 14(4) A− 328 4.2 404 9.5 66.3 13
89.50643 89.50581 8(-4) - 9(-3) E 171 1.6 514 10.2 65.9 10
95.91483 95.91431 2(1) - 1(1) A+ 21 1.2 682 8.3 66.4 13
96.74019 96.73936 2(-1) - 1(-1) E 13 1.2 1690 9.0 65.4 16
96.74222 96.74138 2(0) - 1(0) A+ 7 1.6 1264 5.5 65.4 12
96.74507 96.74455 2(0) - 1(0) E 20 1.6 992 7.8 66.4 18
96.75602 96.75551 2(1) - 1(1) E 28 1.2 707 8.8 66.4 16
100.63947 100.63890 13(2) - 12(3) E 234 3.8 552 9.8 66.3 13
103.38174 103.38115 12(2) - 12(1) E 207 0.8 279 10.7 66.3 18
104.06116 104.06066 13(-3) - 12(-4) E 274 3.3 378 10.1 66.5 15
104.33701 104.33656 13(-2) - 13(1) E 237 1.2 329 10.2 66.7 19
104.35542 104.35482 10(-4) - 11(3) A− 208 2.5 446 10.5 66.3 17
105.06433 105.06369 13(1) - 12(2) A+ 224 4.3 491 10.0 66.2 15
105.57686 105.57629 14(-2) - 14(1) E 270 1.8 361 9.0 66.4 15
HCOOCH3 79.78208 79.78227 7(0,7)-6(0,6)E 16 18.4 114 8.7 68.7 7
79.78432 79.78391 7(0,7)-6(0,6)A 16 18.4 95 7.1 66.5 5
86.02165 86.02165 7(5,2)-6(5,1)E 33 9.2 41 9.5 68.0 5
86.02965 86.02966 7(5,2)-6(5,1)A 33 9.2 79 11.9 68.1 7
blend 86.03021 7(5,3)-6(5,2)A 33 9.2
88.84352 88.84349 7(1,6)-6(1,5)E 18 18.2 108 10.6 67.9 9
88.85214 88.85208 7(1,6)-6(1,5)A 18 18.2 114 8.8 67.8 10
blend 89.31459 8(1,8)-7(1,7)E 20 21.0
89.31643 89.31667 8(1,8)-7(1,7)A 20 21.0 268 13.1 68.8 11
96.07718 96.07726 8(2,7)-7(2,6)A 24 20.0 92 9.9 68.2 10
100.29514 100.29514 8(3,5)-7(3,4)E 27 18.4 137 8.8 68.0 9
100.30879 100.30879 8(3,5)-7(3,4)A 27 18.4 142 9.0 68.0 9
100.48265 100.48265 8(1,7)-7(1,6)E 23 20.8 206 8.9 68.0 10
100.49149 100.49150 8(1,7)-7(1,6)A 23 20.8 193 8.4 68.0 7
blend 100.68148 9(0,9)-8(0,8)A 25 23.7
100.68295 100.68339 9(0,9)-8(0,8)E 25 23.7 239 11.6 69.3 11
103.46729 103.46729 8(2,6)-7(2,5)E 25 20.2 152 7.5 68.0 13
103.47927 103.47927 8(2,6)-7(2,5)A 25 20.2 141 8.8 68.0 16
CH3OCH3 blend 78.85627 13(2,11)-13(1,12)EA 90 73.2
blend 78.85627 13(2,11)-13(1,12)AE 90 109.9
78.85820 78.85782 13(2,11)-13(1,12)EE 90 293.0 155 15.9 66.5 7
blend 78.85937 13(2,11)-13(1,12)AA 90 183.1
blend 81.36897 21(5,16)-20(6,15)AA 246 47.4
81.37050 81.37051 21(5,16)-20(6,15)EE 246 75.6 26 4.5 68.0 7
81.37255 81.37191 21(5,16)-20(6,15)AE 246 28.4 15 6.8 65.7 7
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Table 14 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
blend 81.37217 21(5,16)-20(6,15)EA 246 18.7
blend 81.46762 18(4,15)-17(5,12)AA 178 41.5
81.46997 81.46992 18(4,15)-17(5,12)EE 178 66.4 18 8.5 67.8 6
81.47159 81.47207 18(4,15)-17(5,12)EA 178 16.5 16 8.6 69.8 5
blend 81.47239 18(4,15)-17(5,12)AE 178 24.9
blend 84.52710 18(4,14)-17(5,13)AA 179 25.0
84.53055 84.52959 18(4,14)-17(5,13)EE 179 66.6 19 17.0 64.6 9
blend 84.53193 18(4,14)-17(5,13)AE 179 8.3
blend 84.53225 18(4,14)-17(5,13)EA 179 16.6
blend 84.63190 3(2,1)-3(1,2)AE 11 16.4
blend 84.63227 3(2,1)-3(1,2)EA 11 10.9
84.63472 84.63441 3(2,1)-3(1,2)EE 11 43.7 45 16.7 66.9 5
blend 84.63674 3(2,1)-3(1,2)AA 11 27.3
blend 90.93751 6(0,6)-5(1,5)AA 19 32.3
90.93867 90.93810 6(0,6)-5(1,5)EE 19 86.2 198 10.4 66.1 10
blend 90.93870 6(0,6)-5(1,5)AE 19 10.8
blend 90.93870 6(0,6)-5(1,5)EA 19 21.5
blend 92.69614 8(5,4)-9(4,5)AE 68 5.7
blend 92.69897 8(5,3)-9(4,5)EA 68 3.5
92.70223 92.70196 8(5,3)-9(4,5)EE 68 12.0 27 11.0 67.1 4
blend 92.70307 8(5,4)-9(4,5)AA 68 9.6
blend 96.84724 5(2,4)-5(1,5)EA 19 16.4
blend 96.84729 5(2,4)-5(1,5)AE 19 8.2
96.85040 96.84988 5(2,4)-5(1,5)EE 19 65.6 72 16.8 66.4 5
blend 96.85250 5(2,4)-5(1,5)AA 19 24.6
blend 96.92805 17(8,10)-18(7,12)EE 229 40.7
96.92934 96.92927 17(8,10)-18(7,11)AA 229 15.7 20 9.9 67.8 11
blend 96.92937 17(8,9)-18(7,12)AA 229 26.2
blend 96.92979 17(8,10)-18(7,11)AE 229 5.2
blend 96.92989 17(8,9)-18(7,12)AE 229 15.7
blend 96.93111 17(8,9)-18(7,11)EE 229 40.7
blend 96.93291 17(8,9)-18(7,11)EA 229 10.4
blend 99.32436 4(1,4)-3(0,3)EA 10 17.5
blend 99.32436 4(1,4)-3(0,3)AE 10 26.2
99.32577 99.32521 4(1,4)-3(0,3)EE 10 69.8 241 10.9 66.3 7
blend 99.32606 4(1,4)-3(0,3)AA 10 43.6
blend 100.46041 6(2,5)-6(1,6)EA 25 19.2
blend 100.46044 6(2,5)-6(1,6)AE 25 28.8
100.46361 100.46307 6(2,5)-6(1,6)EE 25 76.9 146 14.1 66.4 10
blend 100.46571 6(2,5)-6(1,6)AA 25 48.1
blend 100.94684 19(4,16)-18(5,13)AA 196 27.0
100.94935 100.94900 19(4,16)-18(5,13)EE 196 71.9 35 11.8 67.0 7
blend 100.95109 19(4,16)-18(5,13)EA 196 18.0
blend 100.95125 19(4,16)-18(5,13)AE 196 9.0
104.17791 104.17587 17(2,15)-17(1,16)EA 148 79.6
blend 104.17587 17(2,15)-17(1,16)AE 148 119.3
104.17791 104.17738 17(2,15)-17(1,16)EE 148 318.3 216 13.7 66.5 16
blend 104.17889 17(2,15)-17(1,16)AA 148 198.9
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Table 14 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
blend 105.76828 13(1,12)-13(0,13)EA 86 36.7
blend 105.76828 13(1,12)-13(0,13)AE 86 55.0
105.77078 105.77034 13(1,12)-13(0,13)EE 86 146.7 146 14.6 66.8 18
blend 105.77240 13(1,12)-13(0,13)AA 86 91.7
(CH3)2CO 92.72787 92.72790 9(0,9)-8(1,8)AE 23 72.0 34 12.5 68.1 5
blend 92.72791 9(1,9)-8(0,8)AE 23 72.0
blend 92.72795 9(0,9)-8(1,8)EA 23 72.0
blend 92.72795 9(1,9)-8(0,8)EA 23 72.0
92.73603 92.73567 9(0,9)-8(1,8)EE 23 72.0 54 9.7 66.8 10
blend 92.73567 9(1,9)-8(0,8)EE 23 72.0
92.74398 92.74336 9(0,9)-8(1,8)AA 23 72.0 50 7.3 66.0 6
99.26684 99.26643 5(5,0)-4(4,1)AA 14 34.3 19 7.5 66.8 6
100.35044 100.35030 8(2,6)-7(3,5)EE 25 43.4 37 10 67.6 10
NH2CHO 81.69384 81.69345 4(1,4)-3(1,3) 13 49.0 249 10.2 66.5 6
84.54279 84.54233 4(0,4)-3(0,3) 10 52.3 153 8.9 66.4 8
84.80825 84.80779 4(2,3)-3(2,2) 22 39.2 150 8.5 66.4 6
84.89041 84.88899 4(3,2)-3(3,1) 37 22.9 129 13.9 63.0 7
blend 84.89098 4(3,1)-3(3,0) 37 22.9
87.84931 87.84887 4(1,3)-3(1,2) 14 49.0 241 8.6 66.5 12
105.46468 105.46422 5(0,5)-4(0,4) 15 65.3 333 11.5 66.7 16
105.97343 105.97260 5(2,4)-4(2,3) 27 54.9 280 10.1 65.6 16
106.10827 106.10786 5(4,2)-4(4,1) 63 23.5 240 8.7 66.8 17
blend 106.10788 5(4,1)-4(4,0) 63 23.5
106.13511 106.13442 5(3,3)-4(3,2) 42 41.8 209 9.8 66.1 15
106.14198 106.14139 5(3,2)-4(3,1) 42 41.8 189 9.0 66.3 17
CH2CHCN 84.94625 84.94625 9(0,9)-8(0,8) 20 130.9 143 8.5 68.0 6
85.71571 85.71570 9(2,7)-8(2,6) 29 124.5 116 8.5 68.0 6
96.98244 96.98244 10(1,9)-9(1,8) 25 145.5 206 9.1 68.0 7
103.57570 103.57570 11(0 11)-10(0 10) 30 160.0 241 9.0 68.0 17
104.21291 104.21291 11(2 10)-10(2 9) 39 154.8 234 7.9 68.0 20
104.41963 104.41928 11(6,5)-10(6,4) 108 112.5 220 8.6 67.0 15
blend 104.41928 11(6,6)-10(6,5) 108 112.5
104.43302 104.43302 11(3 9)-10(3 8) 50 148.2 197 8.6 68.0 9
104.43784 104.43748 11(7,4)-10(7,3) 136 95.3 178 8.6 67.0 10
blend 104.43748 11(7,5)-10(7,4) 136 95.3
104.45423 104.45423 11(3 8)-10(3 7) 50 148.2 224 10.3 68.0 16
104.46177 104.46147 11(8,4)-10(8,3) 168 75.4 160 10.5 67.1 12
blend 104.46147 11(8,3)-10(8,2) 168 75.4
104.52381 104.52351 11(10,2)-10(10,1) 245 27.8 79 5.9 67.2 13
blend 104.52351 11(10,1)-10(10,0) 245 27.8
104.96147 104.96147 11(2,9)-10(2,8) 39 154.8 149 12.0 68.0 26
CH3CH2CN 79.44246 79.44216 7(1,7)-6(0,6) 13 6.5 35 5.3 66.9 6
79.67780 79.67751 9(0,9)-8(0,8) 19 133.1 233 8.8 66.9 7
81.26173 81.26133 9(2,7)-8(2,6) 24 126.8 259 7.9 66.5 5
84.15223 84.15184 11(0,11)-10(1,10) 28 10.3 40 7.4 66.6 6
86.82016 86.81985 10(1,10)-9(1,9) 24 146.7 352 8.5 66.9 10
88.89511 88.89485 19(1,18)-19(0,19) 84 11.2 52 5.5 67.1 8
89.00957 89.00931 25(2,23)-25(1,24) 147 24.4 77 7.3 67.1 8
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Table 14 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
89.29798 89.29766 10(2,9)-9(2,8) 28 142.3 310 8.3 66.9 9
89.41584 89.41539 24( 3,21)-24( 2,22) 140 27.8 91 6.7 66.5 8
89.56272 89.56231 10(6,4)-9(6,3) 64 94.9 337 9.0 66.6 6
blend 89.56231 10(6,5)-9(6,4) 64 94.9
89.56544 89.56503 10(7,3)-9(7,2) 78 75.6 294 7.2 66.6 7
blend 89.56503 10(7,4)-9(7,3) 78 75.6
89.56845 89.56809 10(5,6)-9(5,5) 51 111.2 345 8.8 66.8 6
blend 89.56810 10(5,5)-9(5,4) 51 111.2
89.57341 89.57305 10(8,2)-9(8,1) 95 53.4 247 8.1 66.8 9
blend 89.57305 10(8,3)-9(8,2) 95 53.4
89.58524 89.58491 10(9,1)-9(9,0) 114 28.2 173 8.0 66.9 5
blend 89.58491 10(9,2)-9(9,1) 114 28.2
blend 89.59003 10(4,7)-9(4,6) 41 124.5
89.59098 89.59101 10(4,6)-9(4,5) 41 124.5 400 11.0 68.1 15
89.62876 89.62848 10(3,8)-9(3,7) 34 134.9 314 8.2 67.1 9
89.68500 89.68471 10(3,7)-9(3,6) 34 134.9 318 7.9 67.0 6
90.41925 90.41893 15(1,14)-14(2,13) 54 6.8 34 5.3 66.9 5
90.45368 90.45335 10(2,8)-9(2,7) 28 142.3 270 8.1 66.9 6
90.53132 90.53097 23(3,20)-23(2,21) 129 26.0 81 7.0 66.8 5
93.06001 93.05981 30(3,27)-30(2,28) 212 36.2 64 6.0 67.4 3
96.92010 96.91976 11(0,11)-10(0,10) 28 162.6 211 8.0 66.9 7
99.07084 99.07060 32(3,29)-32(2,30) 240 37.3 75 7.1 67.3 10
99.68190 99.68146 11(2,9)-10(2,8) 33 157.6 360 8.5 66.7 8
100.61463 100.61420 11(1,10)-10(1,9) 30 161.6 341 8.0 66.7 10
103.05920 103.05935 33(3 30)-33(2 31) 254 37.5 88 9.9 68.4 12
104.10603 104.10563 13(0 13)-12(1 12) 39 13.2 76 5.5 66.8 16
105.46983 105.46930 12(0 12)-11(0 11) 33 177.4 446 9.0 66.5 16
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Table 15. Observed Lines towards Orion KL
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 80.99277 80.99326 7(2) - 8(1) A
− 103 2.5 2450 4.3 7.8 15
81.65268 81.65293 18(4) - 19(3) E 493 5.9 439 4.2 6.9 20
84.42337 84.42371 13(-3) - 14(-2) E 274 4.3 888 5.8 7.2 24
84.52058 84.52121 5(-1) - 4(0) E 40 3.1 6136 2.5 8.2 14
84.57350 84.57402 19(2) - 18(-3) E 463 0.4 48 3.0 7.8 12
84.74384 84.74390 19(4) - 18(5) E 537 5.2 409 9.8 6.2 24
86.61514 86.61560 7(2) - 6(3) A− 103 1.4 1606 5.0 7.6 21
86.90250 86.90295 7(2) - 6(3) A+ 103 1.4 1787 4.9 7.6 18
88.59442 88.59481 15(3) - 14(4) A+ 328 4.2 711 4.4 7.3 13
88.93962 88.93999 15(3) - 14(4) A− 328 4.2 877 5.0 7.3 13
89.50534 89.50578 8(-4) - 9(-3) E 171 1.6 1073 3.9 7.5 12
94.54129 94.54181 8(3) - 9(2) E 131 2.2 2325 5.2 7.7 13
94.81459 94.81507 19(7) - 20(6) A+ 685 4.6 309 4.0 7.5 14
blend 94.81508 19(7) - 20(6) A− 685 4.6
95.16877 95.16952 8(0) - 7(1) A+ 84 7.2 8569 3.0 8.4 13
95.91365 95.91431 2(1) - 1(1) A+ 21 1.2 3986 2.7 8.1 14
96.73871 96.73936 2(-1) - 1(-1) E 13 1.2 4067 2.9 8.0 15
96.74070 96.74138 2(0) - 1(0) A+ 7 1.6 4518 3.1 8.1 15
96.74389 96.74455 2(0) - 1(0) E 20 1.6 4235 3.0 8.0 15
96.75484 96.75551 2(1) - 1(1) E 28 1.2 3418 2.8 8.1 16
99.60153 99.60195 15(1) - 15(1) A 295 0.09 75 2.6 7.3 8
100.63845 100.63887 13(2) - 12(3) E 234 3.8 1847 4.8 7.3 14
101.12623 101.12677 5(-2) - 5(1) E 61 0.01 44 4.0 7.6 5
101.18483 101.18537 6(-2) - 6(1) E 75 0.02 88 2.9 7.6 7
102.12211 102.12270 10(-2) - 10(1) E 154 0.3 354 3.6 7.7 20
103.32452 103.32525 12(3) - 13(0) E 229 0.04 51 2.5 8.1 5
103.38059 103.38121 12(-2) - 12(1) E 207 0.8 512 3.5 7.8 14
105.57579 105.57638 14(-2) - 14(1) E 270 1.8 1386 4.8 7.7 12
107.01313 107.01377 3(1) - 4(0) A+ 28 3.0 8145 3.3 7.8 15
107.15932 107.15991 15(-2) - 15(1) E 305 2.6 1244 4.7 7.7 12
HCOOCH3 79.40120 79.40177 9(3,7)-9(2,8)E 33 2.1 96 3.1 8.1 11
79.43210 79.43272 9(3,7)-9(2,8)A 33 2.1 175 3.7 8.3 10
79.44927 79.44981 9(2,8)-9(1,9)E 29 1.3 67 2.9 8.1 12
79.48779 79.48829 9(2,8)-9(1,9)A 29 1.3 80 3.2 7.9 8
79.78123 79.78165 7(0,7)-6(0,6)E 16 18.4 579 3.4 7.6 15
79.78336 79.78391 7(0,7)-6(0,6)A 16 18.4 583 3.6 8.1 15
81.16729 81.16769 13(2,11)-13(1,12)E 59 2.8 76 2.3 7.5 10
81.21731 81.21781 13(2,11)-13(1,12)A 59 2.8 83 2.9 7.9 6
81.31373 81.31410 16(3,13)-16(2,14)E 89 4.6 78 2.6 7.3 6
81.36188 81.36230 16(3,13)-16(2,14)A 89 4.6 75 2.5 7.5 7
81.38003 81.38058 3(2,1)-2(1,2)E 6 0.6 23 1.6 8.0 7
81.39162 81.39228 3(2,1)-2(1,2)A 6 0.6 26 4.0 8.4 7
84.22411 84.22480 11(4,7)-11(3,8)E 50 3.0 76 3.7 8.5 12
84.23282 84.23326 11(4,7)-11(3,8)A 50 3.0 72 3.5 7.6 12
84.44863 84.44910 7(2,6)-6(2,5)E 19 17.2 453 3.9 7.7 10
84.45423 84.45479 7(2,6)-6(2,5)A 19 17.2 465 3.9 8.0 11
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Table 15 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
85.91865 85.91909 7(6,1)-6(6,0)E 40 5.0 146 3.7 7.5 5
85.92630 85.92651 7(6,2)-6(6,1)E 40 5.0 546 7.5 6.7 8
blend 85.92723 7(6,2)-6(6,1)A 40 5.0
blend 85.92724 7(6,1)-6(6,0)A 40 5.0
86.02058 86.02101 7(5,2)-6(5,1)E 33 9.2 263 3.6 7.5 8
86.02718 86.02767 7(5,3)-6(5,2)E 33 9.2 271 3.5 7.7 7
86.02926 86.02945 7(5,3)-6(5,2)A 33 9.2 373 5.5 6.7 14
blend 86.03021 7(5,2)-6(5,1)A 33 9.2
87.55188 87.55242 10(2,9)-10(1,10)A 34 1.3 72 1.6 7.9 6
87.76589 87.76630 8(0,8)-7(1,7)E 20 2.8 126 2.5 7.4 6
87.76854 87.76907 8(0,8)-7(1,7)A 20 2.8 115 2.7 7.8 10
88.68634 88.68691 11(3,9)-11(2,10)E 45 2.4 60 1.9 7.9 5
88.84264 88.84312 7(1,6)-6(1,5)E 18 18.2 518 3.1 7.6 14
88.85107 88.85164 7(1,6)-6(1,5)A 18 18.2 507 3.0 7.9 19
89.31413 89.31459 8(1,8)-7(1,7)E 20 21.0 587 3.3 7.5 14
89.31606 89.31667 8(1,8)-7(1,7)A 20 21.0 636 3.7 8.0 14
89.74516 89.74566 11(1,10)-11(0,11)E 40 1.3 40 1.4 7.7 6
89.79648 89.79699 11(1,10)-11(0,11)A 40 1.3 39 1.6 7.7 7
90.14518 90.14563 7(2,5)-6(2,4)E 20 17.3 394 2.9 7.5 14
90.15593 90.15651 7(2,5)-6(2,4)A 20 17.3 391 3.0 7.9 17
90.22714 90.22760 8(0,8)-7(0,7)E 20 21.1 437 3.4 7.5 12
90.22906 90.22965 8(0,8)-7(0,7)A 20 21.0 431 3.2 8.0 12
91.77540 91.77588 8(1,8)-7(0,7)E 20 2.9 156 2.3 7.6 6
91.77656 91.77725 8(1,8)-7(0,7)A 20 2.9 212 3.1 8.2 7
92.88371 92.88412 17(3,14)-17(2,15)E 100 4.4 185 2.3 7.3 10
92.93981 92.94028 17(3,14)-17(2,15)A 100 4.4 197 2.3 7.5 12
93.20521 93.20566 14(2,12)-14(1,13)E 67 2.8 66 2.6 7.4 8
93.26127 93.26176 14(2,12)-14(1,13)A 67 2.8 82 2.1 7.6 8
93.65952 93.66003 8(4,4)-8(3,5)A 32 1.8 146 2.3 7.6 9
93.70065 93.70128 8(4,4)-8(3,5)E 32 1.4 133 2.2 8.0 17
94.37810 94.37849 9(1,8)-8(2,7)E 28 1.7 137 2.7 7.2 11
94.38708 94.38765 9(1,8)-8(2,7)A 28 1.7 134 2.0 7.8 9
94.62630 94.62687 12(3,10)-12(2,11)E 52 2.5 170 2.4 7.8 11
94.63216 94.63272 5(2,4)-4(1,3)E 11 1.0 120 2.0 7.8 6
94.64673 94.64732 5(2,4)-4(1,3)A 11 1.0 91 2.2 7.9 7
94.66641 94.66693 12(3,10)-12(2,11)A 52 2.5 168 2.7 7.7 15
95.17539 95.17592 7(4,3)-7(3,4)A 27 1.5 152 2.5 7.7 13
96.05836 96.05907 11(2,10)-11(1,11)E 41 1.3 58 6.5 8.2 6
96.07018 96.07065 8(2,7)-7(2,6)E 24 20.0 544 4.1 7.5 13
96.07627 96.07688 8(2,7)-7(2,6)A 24 20.0 573 4.4 7.9 18
96.08642 96.08666 6(4,2)-6(3,3)A 23 1.1 55 5.4 6.7 6
96.10670 96.10722 11(2,10)-11(1,11)A 41 1.3 50 3.3 7.6 14
96.16716 96.16764 6(4,2)-6(3,3)E 23 0.8 38 4.6 7.5 9
96.50741 96.50799 7(4,4)-7(3,5)E 27 1.0 41 2.8 7.8 8
96.55208 96.55255 6(4,3)-6(3,4)E 23 0.8 32 7.7 7.5 5
96.61255 96.61316 8(4,5)-8(3,6)E 32 1.4 62 3.1 7.9 14
96.63743 96.63777 7(4,4)-7(3,5)A 27 1.5 61 3.5 7.1 15
96.64746 96.64810 5(4,1)-5(3,2)E 19 0.7 32 3.5 8.0 14
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Table 15 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
96.67035 96.67090 5(4,2)-5(3,3)E 19 0.7 26 2.6 7.7 8
96.69290 96.69352 6(4,3)-6(3,4)A 23 1.1 37 3.2 7.9 8
96.70911 96.70921 8(4,5)-8(3,6)A 32 1.8 119 6.0 6.3 12
96.79359 96.79409 5(4,2)-5(3,3)A 19 0.8 28 2.5 7.5 8
96.95627 96.95687 9(4,6)-9(3,7)E 37 2.0 84 3.3 7.8 14
97.01759 97.01807 9(4,6)-9(3,7)A 37 2.1 79 3.1 7.5 5
97.19862 97.19913 17(5,12)-17(4,13)A 108 5.2 162 3.7 7.6 5
blend 97.19922 17(5,12)-17(4,13)E 108 5.2
99.13272 99.13319 9(0,9)-8(1,8)E 25 3.3 155 2.5 7.4 12
99.13518 99.13579 9(0,9)-8(1,8)A 25 3.3 153 2.5 7.8 13
99.16626 99.16652 11(2,9)-10(3,8)E 43 1.1 60 2.3 6.8 6
99.17866 99.17936 11(2,9)-10(3,8)A 43 1.2 71 2.3 8.1 9
100.29401 100.29451 8(3,5)-7(3,4)E 27 18.4 631 3.1 7.5 12
100.30756 100.30821 8(3,5)-7(3,4)A 27 18.4 628 3.2 7.9 12
100.48163 100.48217 8(1,7)-7(1,6)E 23 20.8 654 3.1 7.6 13
100.49007 100.49071 8(1,7)-7(1,6)A 23 20.8 673 3.2 7.9 13
100.65938 100.65969 12(4,9)-12(3,10)E 57 3.0 152 5.5 6.9 17
100.68095 100.68148 9(0,9)-8(0,8)E 25 23.7 680 3.2 7.6 17
blend 100.68339 9(0,9)-8(0,8)A 25 23.7 17
100.69258 100.69305 12(4,9)-12(3,10)A 57 3.0 106 2.0 7.4 17
100.73416 100.73477 12(1,11)-12(0,12)E 47 1.4 84 2.6 7.8 17
100.79015 100.79077 12(1,11)-12(0,12)A 47 1.4 75 1.6 7.9 13
103.22784 103.22841 13(4,10)-13(3,11)E 65 3.2 55 2.2 7.7 8
103.26144 103.26201 13(4,10)-13(3,11)A 65 3.2 60 2.4 7.7 8
103.46598 103.46648 8(2,6)-7(2,5)E 25 20.2 429 3.2 7.5 11
103.47803 103.47870 8(2,6)-7(2,5)A 25 20.2 431 3.3 7.9 11
105.42404 105.42464 15(2,13)-15(1,14)A 76 2.8 185 2.3 7.7 11
105.45846 105.45897 18(3,15)-18(2,16)E 111 4.3 243 2.7 7.4 15
105.52120 105.52175 18(3,15)-18(2,16)A 111 4.3 197 2.4 7.6 14
107.53662 107.53719 9(2,8)-8(2,7)E 29 22.8 1141 2.8 7.6 9
107.54312 107.54375 9(2,8)-8(2,7)A 29 22.8 952 2.8 7.8 9
CH3OCH3 78.85586 78.85627 13(2,11)-13(1,12)AE 90 109.9 441 3.2 7.6 12
blend 78.85627 13(2,11)-13(1,12)EA 90 73.2
78.85737 78.85782 13(2,11)-13(1,12)EE 90 293.0 667 3.1 7.7 12
78.85892 78.85937 13(2,11)-13(1,12)AA 90 183.1 458 3.5 7.7 12
79.75310 79.75370 15(3,13)-14(4,10)AA 122 21.1 38 2.5 8.2 5
79.75617 79.75661 15(3,13)-14(4,10)EE 122 56.2 109 1.9 7.6 6
79.75905 79.75945 15(3,13)-14(4,10)EA 122 14.0 55 4.9 7.5 7
81.46711 81.46762 18(4,15)-17(5,12)AA 178 41.5 39 2.4 7.9 5
81.46941 81.46992 18(4,15)-17(5,12)EE 178 66.4 59 3.0 7.9 5
84.52910 84.52959 18(4,14)-17(5,13)EE 179 66.6 56 3.4 7.7 14
84.63156 84.63190 3(2,1)-3(1,2)AE 11 16.4 146 3.9 7.2 5
blend 84.63227 3(2,1)-3(1,2)EA 11 10.9
84.63389 84.63441 3(2,1)-3(1,2)EE 11 43.7 260 3.5 7.8 7
84.63621 84.63674 3(2,1)-3(1,2)AA 11 27.3 169 3.5 7.9 5
85.97270 85.97325 13(2,12)-12(3,9)AA 88 16.8 36 5.7 7.9 12
85.97562 85.97613 13(2,12)-12(3,9)EE 88 44.9 111 3.4 7.8 12
85.97850 85.97900 13(2,12)-12(3,9)EA 88 11.2 46 2.6 7.7 5
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Table 15 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
89.69763 89.69774 2(2,1)-2(1,2)AE 8 8.5 86 5.9 6.4 15
89.69930 89.69980 2(2,1)-2(1,2)EE 8 22.3 186 3.1 7.7 12
89.70245 89.70281 2(2,1)-2(1,2)AA 8 14.1 94 4.9 7.2 13
90.88871 90.88925 15(3,12)-14(4,11)AA 123 36.2 48 3.3 7.8 7
90.89177 90.89225 15(3,12)-14(4,11)EE 123 57.9 99 2.1 7.6 7
90.89471 90.89518 15(3,12)-14(4,11)AE 123 21.7 57 2.6 7.5 7
blend 90.89533 15(3,12)-14(4,11)EA 123 14.5
blend 90.93751 6(0,6)-5(1,5)AA 19 32.3
90.93755 90.93810 6(0,6)-5(1,5)EE 19 86.1 409 4.9 7.8 14
blend 90.93870 6(0,6)-5(1,5)AE 19 10.8
blend 90.93870 6(0,6)-5(1,5)EA 19 21.5
91.47334 91.47376 3(2,2)-3(1,3)EA 11 9.7 105 3.5 7.4 9
blend 91.47414 3(2,2)-3(1,3)AE 11 4.9
91.47608 91.47660 3(2,2)-3(1,3)EE 11 38.9 317 2.6 7.7 15
91.47873 91.47924 3(2,2)-3(1,3)AA 11 14.6 141 2.4 7.7 7
92.70142 92.70196 8(5,3)-9(4,5)EE 68 12.0 105 2.4 7.7 10
92.70247 92.70307 8(5,4)-9(4,5)AA 68 9.6 92 2.0 7.9 6
92.70977 92.71029 8(5,4)-9(4,6)EE 68 12.0 126 2.0 7.7 7
93.66408 93.66460 12(1,11)-12(0,12)EA 74 37.6 400 2.7 7.7 12
blend 93.66460 12(1,11)-12(0,12)AE 74 18.8
93.66590 93.66646 12(1,11)-12(0,12)EE 74 150.2 905 2.5 7.8 12
93.66772 93.66832 12(1,11)-12(0,12)AA 74 56.3 452 3.0 7.9 12
93.85395 93.85444 4(2,3)-4(1,4)EA 15 13.3 471 2.4 7.6 10
blend 93.85456 4(2,3)-4(1,4)AE 15 19.9
93.85654 93.85710 4(2,3)-4(1,4)EE 15 53.1 670 2.4 7.8 10
93.85913 93.85971 4(2,3)-4(1,4)AA 15 33.2 452 2.2 7.8 19
94.14797 94.14845 11(6,5)-12(5,7)EE 111 23.2 120 2.2 7.5 7
96.84679 96.84724 5(2,4)-5(1,5)EA 19 16.4 169 3.7 7.4 17
blend 96.84729 5(2,4)-5(1,5)AE 19 8.2
96.84936 96.84988 5(2,4)-5(1,5)EE 19 65.6 409 3.4 7.6 17
96.85195 96.85250 5(2,4)-5(1,5)AA 19 24.6 170 3.4 7.7 17
96.93120 96.93111 17(8,9)-18(7,11)EE 229 40.7 24 4.3 5.7 14
99.32384 99.32436 4(1,4)-3(0,3)EA 10 17.5 449 2.4 7.6 10
blend 99.32436 4(1,4)-3(0,3)AE 10 26.2
99.32466 99.32521 4(1,4)-3(0,3)EE 10 69.8 585 1.8 7.7 5
99.32546 99.32606 4(1,4)-3(0,3)AA 10 43.6 421 2.4 7.8 15
99.83309 99.83366 14(2,13)-13(3,10)AA 101 28.9 97 2.0 7.7 7
99.83589 99.83645 14(2,13)-13(3,10)EE 101 46.2 173 2.0 7.7 9
99.83869 99.83924 14(2,13)-13(3,10)EA 101 11.5 111 2.2 7.7 7
blend 99.83925 14(2,13)-13(3,10)AE 101 17.3
100.45988 100.46041 6(2,5)-6(1,6)EA 25 19.2 372 2.7 7.6 16
blend 100.46044 6(2,5)-6(1,6)AE 25 28.8
100.46245 100.46307 6(2,5)-6(1,6)EE 25 76.9 532 2.7 7.9 16
100.46517 100.46571 6(2,5)-6(1,6)AA 25 48.1 242 1.6 7.6 17
100.94845 100.94900 19(4,16)-18(5,13)EE 196 71.9 44 2.7 7.6 5
105.55919 105.55979 19(4,15)-18(5,14)AA 196 45.2 128 4.0 7.7 14
105.56150 105.56207 19(4,15)-18(5,14)EE 196 72.3 214 3.4 7.6 11
105.56371 105.56427 19(4,15)-18(5,14)AE 196 27.1 113 4.1 7.6 8
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Table 15 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
105.76769 105.76828 13(1,12)-13(0,13)AE 86 55.0 665 2.7 7.7 12
blend 105.76828 13(1,12)-13(0,13)EA 86 36.7
105.76972 105.77034 13(1,12)-13(0,13)EE 86 146.7 981 2.7 7.8 12
105.77178 105.77240 13(1,12)-13(0,13)AA 86 91.7 701 2.5 7.8 12
(CH3)2CO 81.78887 81.78900 7(1,6)-6(2,5)AE 18 44.8 24 4.3 6.5 10
blend 81.78927 7(1,6)-6(2,5)EA 18 44.8
81.81309 81.81373 7(1,6)-6(2,5)EE 17 44.8 31 2.7 8.3 9
81.83269 81.83305 7(2,6)-6(1,5)EE 17 44.8 38 3.3 7.3 6
81.83782 81.83824 7(1,6)-6(2,5)AA 17 44.8 23 1.8 7.5 9
91.63413 91.63464 8(1,7)-7(2,6)EE 22 53.4 45 2.8 7.7 8
91.63722 91.63746 8(2,7)-7(1,6)EE 22 53.4 34 5.0 6.8 7
91.65876 91.65911 8(1,7)-7(2,6)AA 22 53.3 39 3.4 7.2 5
92.72744 92.72790 9(0,9)-8(1,8)AE 23 72.0 97 2.5 7.5 5
blend 92.72791 9(1,9)-8(0,8)AE 23 72.0
blend 92.72795 9(0,9)-8(1,8)EA 23 72.0
blend 92.72795 9(1,9)-8(0,8)EA 23 72.0
92.73531 92.73567 9(0,9)-8(1,8)EE 23 72.0 171 4.4 7.2 14
blend 92.73567 9(1,9)-8(0,8)EE 23 72.0
92.74299 92.74336 9(0,9)-8(1,8)AA 23 72.0 87 3.8 7.2 10
blend 92.74336 9(1,9)-8(0,8)AA 23 72.0
100.35006 100.35030 8(2,6)-7(3,5)EE 25 43.4 45 4.7 6.7 9
108.38706 108.38759 8(3,5)-7(4,4)EE 27 32.5 53 4.0 7.5 12
NH2CHO 81.69326 81.69345 4(1,4)-3(1,3) 13 49.0 62 5.1 6.7 9
84.54213 84.54233 4(0,4)-3(0,3) 10 52.3 35 4.4 6.7 11
84.80731 84.80779 4(2,3)-3(2,2) 22 39.2 32 4.1 7.7 11
87.84847 87.84887 4(1,3)-3(1,2) 14 49.0 43 4.1 7.4 6
102.06409 102.06427 5(1,5)-4(1,4) 18 62.8 69 7.0 6.5 8
105.46416 105.46422 5(0,5)-4(0,4) 15 65.3 229 6.3 6.2 15
CH2CHCN 84.94625 84.94600 9(0,9)-8(0,8) 20 130.9 143 8.5 5.1 6
85.71570 85.71542 9(2,7)-8(2,6) 29 124.5 116 8.5 5.0 8
92.42667 92.42625 10(1,10)-9(1,9) 27 144.1 167 9.4 4.6 20
94.27727 94.27663 10(0,10)-9(0,9) 25 145.5 204 8.6 4.0 13
94.76119 94.76078 10(2,9)-9(2,8) 34 139.7 158 9.4 4.7 13
blend 94.91312 10(4,7)-9(4,6) 60 122.3
blend 94.91323 10(4,6)-9(4,5) 60 122.3
94.91399 94.91396 10(5,5)-9(5,4) 79 109.2 333 10.0 5.9 17
blend 94.91396 10(5,6)-9(5,5) 79 109.2
94.92508 94.92501 10(6,5)-9(6,4) 103 93.1 176 7.2 5.8 8
blend 94.92501 10(6,4)-9(6,3) 103 93.1
94.92874 94.92861 10(3,8)-9(3,7) 45 132.4 173 9.0 5.6 11
94.94241 94.94163 10(3,7)-9(3,6) 45 132.4 198 9.3 3.5 10
94.96523 94.96491 10(8,3)-9(8,2) 163 52.4 46 7.2 5.0 8
blend 94.96491 10(8,2)-9(8,1) 163 52.4
94.99163 94.99155 10(9,2)-9(9,1) 200 27.7 29 3.1 5.7 6
blend 94.99155 10(9,1)-9(9,0) 200 27.7
96.98320 96.98244 10(1,9)-9(1,8) 28 144.1 207 9.1 3.6 7
103.57574 103.57540 11(0,11)-10(0,10) 30 160.0 136 7.5 5.0 9
CH3CH2CN 79.67784 79.67750 9(0,9)-8(0,8) 19 133.1 690 8.5 4.7 15
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Table 15 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
81.26172 81.26143 9(2,7)-8(2,6) 24 126.8 389 7.9 4.9 10
81.74705 81.74648 18(1,17)-18(0,18) 76 11.4 57 10.2 3.9 5
84.15244 84.15184 11(0,11)-10(1,10) 28 10.3 33 12.2 3.9 9
86.74552 86.74531 8(1,8)-7(0,7) 16 7.5 60 12.8 5.3 10
86.82017 86.81984 10(1,10)-9(1,9) 24 146.7 566 8.4 4.9 16
88.32406 88.32375 10(0,10)-9(0,9) 23 147.9 388 8.3 5.0 15
89.00948 89.00930 25(2,23)-25(1,24) 147 24.4 56 4.7 5.4 13
89.29796 89.29764 10(2,9)-9(2,8) 28 142.3 460 8.5 4.9 14
89.41532 89.41537 24(3,21)-24(2,22) 140 27.8 66 7.6 6.2 7
89.56279 89.56231 10(6,4)-9(6,3) 64 94.9 589 10.5 4.4 16
89.56540 89.56503 10(7,3)-9(7,2) 78 75.6 551 6.9 4.8 18
89.56831 89.56809 10(5,6)-9(5,5) 51 111.2 728 9.6 5.3 13
89.57309 89.57305 10(8,2)-9(8,1) 95 53.4 299 12.4 5.9 12
89.58582 89.58491 10(9,1)-9(9,0) 114 28.2 158 13.1 3.0 12
89.62879 89.62844 10(3,8)-9(3,7) 34 134.9 481 8.3 4.8 16
89.68501 89.68471 10(3,7)-9(3,6) 34 134.9 484 8.8 5.0 16
90.45363 90.45335 10(2,8)-9(2,7) 28 142.3 401 8.4 5.1 18
90.53156 90.53095 23(3,20)-23(2,21) 129 26.0 38 7.7 4.0 8
91.01877 91.01826 29(3,26)-29(2,27) 199 35.3 52 5.6 4.3 5
91.55011 91.54911 10(1,9)-9(1,8) 25 146.7 1601 14.7 2.7 15
93.06026 93.05981 30(3,27)-30(2,28) 212 36.2 86 8.0 4.6 9
93.75563 93.75508 21(3,18)-21(2,19) 110 22.3 101 14.1 4.3 9
93.94993 93.94931 9(1,9)-8(0,8) 20 8.6 60 9.7 4.0 5
95.10428 95.10405 26(2,24)-26(1,25) 158 24.1 80 5.5 5.3 8
96.92002 96.91975 11(0,11)-10(0,10) 28 162.6 396 9.9 5.2 6
99.68198 99.68150 11(2,9)-10(2,8) 33 157.6 542 10.3 4.6 15
100.61463 100.61428 11(1,10)-10(1,9) 30 161.6 571 8.6 5.0 19
101.09135 101.09166 10(1,10)-9(0,9) 24 9.8 33 6.8 6.9 6
102.22785 102.22741 17(3,14)-17(2,15) 76 15.9 45 9.2 4.7 6
103.86766 103.86725 21(1,20)-21(0,21) 102 10.9 38 6.9 4.8 7
107.04385 107.04351 12(2,11)-11(2,10) 38 172.9 800 9.6 5.0 22
107.49199 107.49157 12(8,4)-11(8,3) 105 98.8 653 10.9 4.8 13
107.52086 107.51994 12(10,2)-11(10,1) 145 54.4 353 11.3 3.4 13
107.54761 107.54759 12(4,8)-11(4,7) 51 158.1 819 11.6 5.9 13
107.59458 107.59404 12(3,10)-11(3,9) 44 166.7 748 10.5 4.5 13
107.70327 107.70217 34(3,31)-34(2,32) 269 37.5 44 9.4 2.9 8
107.73525 107.73473 12(3,9)-11(3,8) 44 166.7 713 10.8 4.6 15
108.21091 108.21038 11(1,11)-10(0,10) 29 11.0 93 11.2 4.5 12
108.22752 108.22711 14(3,11)-14(2,12) 55 12.1 91 7.6 4.9 9
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Table 16. Observed Lines towards NGC6334F
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 80.99346 80.99326 7(2) - 8(1) A
− 103 2.5 1086 5.9 -7.7 7
81.65317 81.65293 18(4) - 19(3) E 493 5.9 506 5.2 -7.9 21
83.79289 83.79265 18(-2) - 18(2) E 423 0.2 54 4.9 -7.9 7
84.42402 84.42371 13(-3) - 14(-2) E 274 4.3 522 5.4 -8.1 15
84.52163 84.52121 5(-1) - 4(0) E 40 3.1 4014 4.3 -8.5 8
84.57398 84.57402 19(2) - 18(-3) E 463 0.4 80 4.7 -6.9 6
84.74419 84.74390 19(4) - 18(5) E 537 5.2 204 6.4 -8.0 9
85.56844 85.56807 6(-2) - 7(-1) E 75 2.0 974 5.5 -8.3 18
86.61591 86.61560 7(2) - 6(3) A− 103 1.4 549 5.7 -8.1 19
86.90334 86.90295 7(2) - 6(3) A+ 103 1.4 571 5.3 -8.3 17
88.59515 88.59481 15(3) - 14(4) A+ 328 4.2 794 5.0 -8.1 17
88.94029 88.93999 15(3) - 14(4) A− 328 4.2 390 5.3 -8.0 12
89.50609 89.50578 8(-4) - 9(-3) E 171 1.6 619 5.3 -8.1 33
94.54212 94.54181 8(3) - 9(2) E 131 2.2 1036 5.5 -8.0 16
94.81507 94.81507 19(7) - 20(6) A+ 685 4.6 180 5.5 -7.0 11
blend 94.81508 19(7) - 20(6) A− 685 4.6
95.16963 95.16952 8(0) - 7(1) A+ 84 7.2 1787 5.7 -7.4 15
95.91472 95.91431 2(1) - 1(1) A+ 21 1.2 1685 5.0 -8.3 7
96.44680 96.44660 21(-2) - 21(2) E 563 0.3 57 3.2 -7.6 8
96.73986 96.73936 2(-1) - 1(-1) E 13 1.2 3270 5.4 -8.5 8
96.74188 96.74138 2(0,2) - 1(0,1) A+ 7 1.6 3867 4.6 -8.6 8
96.74498 96.74455 2(0) - 1(0) E 20 1.6 2244 5.4 -8.3 8
96.75591 96.75551 2(1) - 1(1) E 28 1.2 1520 5.0 -8.3 9
99.60220 99.60195 15(1) - 15(1) A 295 0.09 51 3.4 -7.8 9
100.63927 100.63887 13(2) - 12(3) E 234 3.8 868 5.2 -8.2 14
101.18563 101.18537 6(-2) - 6(1) E 75 0.02 73 3.7 -7.8 12
103.32483 103.32525 12(3) - 13(0) E 229 0.04 129 1.7 -5.8 30
103.38133 103.38121 12(-2) - 12(1) E 207 0.8 362 5.4 -7.3 36
105.57650 105.57638 14(-2) - 14(1) E 270 1.8 472 5.5 -7.3 17
107.01407 107.01377 3(1) - 4(0) A+ 28 3.0 1310 5.7 -7.8 13
107.16006 107.15991 15(-2) - 15(1) E 305 2.6 423 5.0 -7.4 12
HCOOCH3 79.40195 79.40177 9(3,7)-9(2,8)E 33 2.1 115 4.3 -7.7 12
79.43270 79.43272 9(3,7)-9(2,8)A 33 2.1 277 4.0 -6.9 17
79.45003 79.44981 9(2,8)-9(1,9)E 29 1.3 92 4.1 -7.8 10
79.48834 79.48829 9(2,8)-9(1,9)A 29 1.3 97 2.3 -7.2 14
79.78191 79.78165 7(0,7)-6(0,6)E 16 18.4 523 4.6 -8.0 19
79.78405 79.78391 7(0,7)-6(0,6)A 16 18.4 516 4.2 -7.5 14
80.56526 80.56497 10(2,8)-9(3,7)E 36 0.9 51 2.4 -8.1 8
80.57267 80.57268 10(2,8)-9(3,7)A 36 0.9 56 3.6 -7.0 11
81.16795 81.16769 13(2,11)-13(1,12)E 59 2.8 119 3.5 -7.9 5
81.21802 81.21781 13(2,11)-13(1,12)A 59 2.8 108 5.0 -7.8 9
81.31431 81.31410 16(3,13)-16(2,14)E 89 4.6 145 4.0 -7.8 9
81.36249 81.36230 16(3,13)-16(2,14)A 89 4.6 126 3.6 -7.7 8
81.38070 81.38058 3(2,1)-2(1,2)E 6 0.6 61 2.8 -7.5 5
81.39219 81.39228 3(2,1)-2(1,2)A 6 0.6 40 6.9 -6.7 6
84.22483 84.22480 11(4,7)-11(3,8)E 50 3.0 85 3.7 -7.1 6
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Table 16 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
84.23358 84.23326 11(4,7)-11(3,8)A 50 3.0 74 3.8 -8.1 6
84.44942 84.44910 7(2,6)-6(2,5)E 19 17.2 338 4.5 -8.1 8
84.45498 84.45479 7(2,6)-6(2,5)A 19 17.2 332 4.4 -7.7 7
85.63848 85.63835 4(2,3)-3(1,2)E 9 0.8 71 1.8 -7.5 8
85.65604 85.65580 4(2,3)-3(1,2)A 9 0.8 84 3.8 -7.8 11
85.76211 85.76188 21(5,16)-21(4,17)E 156 7.9 147 4.2 -7.8 14
85.77360 85.77332 21(5,16)-21(4,17)A 156 7.9 115 3.6 -8.0 7
85.78086 85.78070 20(5,15)-20(4,16)E 143 7.3 160 3.7 -7.6 6
85.78548 85.78526 20(5,15)-20(4,16)A 143 7.3 151 3.5 -7.8 8
85.91937 85.91909 7(6,1)-6(6,0)E 40 5.0 224 3.9 -8.0 13
85.92704 85.92651 7(6,2)-6(6,1)E 40 5.0 500 6.0 -8.8 19
blend 85.92723 7(6,2)-6(6,1)A 40 5.0
blend 85.92724 7(6,1)-6(6,0)A 40 5.0
86.02129 86.02101 7(5,2)-6(5,1)E 33 9.2 311 4.2 -8.0 11
86.02786 86.02767 7(5,3)-6(5,2)E 33 9.2 317 3.5 -7.7 13
86.02995 86.02945 7(5,3)-6(5,2)A 33 9.2 426 5.9 -8.8 13
blend 86.03021 7(5,2)-6(5,1)A 33 9.2
86.21024 86.21008 7(4,4)-6(4,3)A 27 12.7 390 4.2 -7.6 18
86.22413 86.22355 7(4,3)-6(4,2)E 27 12.6 613 5.1 -9.0 13
blend 86.22411 7(4,4)-6(4,3)E 27 12.6
86.25074 86.25058 7(4,3)-6(4,2)A 27 12.7 418 3.9 -7.6 18
86.26600 86.26583 7(3,5)-6(3,4)A 23 15.3 432 4.4 -7.6 13
86.26896 86.26866 7(3,5)-6(3,4)E 23 15.2 451 4.1 -8.0 18
87.76653 87.76630 8(0,8)-7(1,7)E 20 2.8 171 3.8 -7.8 5
87.76909 87.76907 8(0,8)-7(1,7)A 20 2.8 144 3.4 -7.1 9
88.05443 88.05403 19(5,14)-19(4,15)E 130 6.6 216 3.7 -8.4 8
blend 88.05437 19(5,14)-19(4,15)A 130 6.6
88.17566 88.17563 10(4,6)-10(3,7)E 43 2.5 149 3.9 -7.1 11
88.18063 88.18036 10(4,6)-10(3,7)A 43 2.5 139 3.5 -7.9 9
88.68704 88.68691 11(3,9)-11(2,10)E 45 2.4 144 3.1 -7.4 6
88.72344 88.72324 11(3,9)-11(2,10)A 45 2.4 115 3.8 -7.7 6
88.84342 88.84312 7(1,6)-6(1,5)E 18 18.2 247 4.4 -8.0 9
88.85181 88.85164 7(1,6)-6(1,5)A 18 18.2 238 4.5 -7.6 8
89.31491 89.31459 8(1,8)-7(1,7)E 20 21.0 272 4.6 -8.1 10
89.31693 89.31667 8(1,8)-7(1,7)A 20 21.0 286 4.2 -7.9 6
90.14579 90.14563 7(2,5)-6(2,4)E 20 17.3 270 4.7 -7.5 24
90.15668 90.15651 7(2,5)-6(2,4)A 20 17.3 301 3.6 -7.6 24
90.22783 90.22760 8(0,8)-7(0,7)E 20 21.1 364 4.7 -7.8 25
90.22980 90.22965 8(0,8)-7(0,7)A 20 21.0 344 4.5 -7.5 20
91.77605 91.77588 8(1,8)-7(0,7)E 20 2.9 202 2.9 -7.5 7
91.77727 91.77679 20(4,16)-20(3,17)E 139 6.4 315 3.9 -8.6 10
blend 91.77725 8(1,8)-7(0,7)A 20 2.9
91.82536 91.82518 20(4,16)-20(3,17)A 139 6.4 145 3.1 -7.6 7
92.88439 92.88412 17(3,14)-17(2,15)E 100 4.4 143 3.6 -7.9 9
92.94048 92.94028 17(3,14)-17(2,15)A 100 4.4 108 3.7 -7.6 8
93.20590 93.20566 14(2,12)-14(1,13)E 67 2.8 118 3.9 -7.8 6
93.26191 93.26176 14(2,12)-14(1,13)A 67 2.8 122 3.2 -7.5 8
93.66019 93.66003 8(4,4)-8(3,5)A 32 1.8 99 2.8 -7.5 5
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Table 16 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
93.70138 93.70128 8(4,4)-8(3,5)E 32 1.4 89 3.1 -7.3 7
94.37880 94.37849 9(1,8)-8(2,7)E 28 1.7 113 4.2 -8.0 17
94.38786 94.38765 9(1,8)-8(2,7)A 28 1.7 137 4.0 -7.7 13
94.62706 94.62687 12(3,10)-12(2,11)E 52 2.5 154 4.0 -7.6 8
94.63298 94.63272 5(2,4)-4(1,3)E 11 1.0 90 3.2 -7.8 8
94.64753 94.64732 5(2,4)-4(1,3)A 11 1.0 87 4.0 -7.7 9
94.66712 94.66693 12(3,10)-12(2,11)A 52 2.5 141 2.8 -7.6 14
95.17615 95.17592 7(4,3)-7(3,4)A 27 1.5 102 2.9 -7.7 6
96.05927 96.05907 11(2,10)-11(1,11)E 41 1.3 55 3.6 -7.6 7
96.07099 96.07065 8(2,7)-7(2,6)E 24 20.0 410 4.2 -8.1 7
96.07705 96.07688 8(2,7)-7(2,6)A 24 20.0 396 4.9 -7.5 13
96.08724 96.08666 6(4,2)-6(3,3)A 23 1.1 58 4.7 -8.8 6
96.10746 96.10722 11(2,10)-11(1,11)A 41 1.3 42 3.8 -7.8 6
96.16775 96.16764 6(4,2)-6(3,3)E 23 0.8 49 3.2 -7.3 7
96.50803 96.50799 7(4,4)-7(3,5)E 27 1.0 64 3.3 -7.1 7
96.61325 96.61316 8(4,5)-8(3,6)E 32 1.4 72 3.2 -7.3 5
96.63799 96.63777 7(4,4)-7(3,5)A 27 1.5 58 3.7 -7.7 4
96.64809 96.64810 5(4,1)-5(3,2)E 19 0.7 37 2.8 -7.0 5
96.67098 96.67090 5(4,2)-5(3,3)E 19 0.7 35 2.2 -7.3 9
96.69378 96.69352 6(4,3)-6(3,4)A 23 1.1 58 3.8 -7.8 7
96.70961 96.70921 8(4,5)-8(3,6)A 32 1.8 101 4.5 -8.2 8
96.77688 96.77676 7(4,3)-7(3,5)E 24 0.5 39 3.4 -7.4 5
96.79433 96.79409 5(4,2)-5(3,3)A 19 0.8 54 2.6 -7.7 6
96.83545 96.83528 4(4,0)-4(3,1)A 17 0.4 38 2.9 -7.5 9
96.85933 96.85939 4(4,0)-4(3,1)E 17 0.4 27 2.7 -6.8 8
96.95700 96.95687 9(4,6)-9(3,7)E 37 2.0 89 3.3 -7.4 5
97.01839 97.01807 9(4,6)-9(3,7)A 37 2.1 89 3.3 -8.0 7
97.19943 97.19913 17(5,12)-17(4,13)A 108 5.2 183 4.1 -7.9 9
blend 97.19922 17(5,12)-17(4,13)E 108 5.2
98.27076 98.27037 8(6,2)-7(6,1)E 45 9.4 372 3.8 -8.2 18
98.27970 98.27887 8(6,3)-7(6,2)E 45 9.4 626 5.7 -9.5 15
blend 98.27975 8(6,3)-7(6,2)A 45 9.4
blend 98.27979 8(6,2)-7(6,1)A 45 9.4
98.42442 98.42408 8(5,3)-7(5,2)E 38 13.1 430 4.0 -8.0 15
98.43183 98.43175 8(5,4)-7(5,3)E 38 13.1 334 3.7 -7.2 16
98.43288 98.43277 8(5,4)-7(5,3)A 38 13.1 450 4.9 -7.3 19
98.43603 98.43582 8(5,3)-7(5,2)A 38 13.1 449 4.0 -7.6 17
98.60709 98.60677 8(3,6)-7(3,5)E 27 18.4 497 4.3 -8.0 16
98.61133 98.61120 8(3,6)-7(3,5)A 27 18.4 500 5.1 -7.4 16
98.68281 98.68263 8(4,5)-7(4,4)A 32 16.1 545 4.2 -7.6 16
98.71228 98.71193 8(4,5)-7(4,4)E 32 15.6 483 4.4 -8.1 20
99.13338 99.13319 9(0,9)-8(1,8)E 25 3.3 78 2.9 -7.6 5
99.13595 99.13579 9(0,9)-8(1,8)A 25 3.3 74 4.0 -7.5 5
100.07879 100.07853 9(1,9)-8(1,8)E 25 23.6 684 4.6 -7.8 13
100.08080 100.08057 9(1,9)-8(1,8)A 25 23.6 612 4.8 -7.7 18
100.29486 100.29451 8(3,5)-7(3,4)E 27 18.4 250 4.4 -8.0 13
100.30848 100.30821 8(3,5)-7(3,4)A 27 18.4 275 4.2 -7.8 10
100.48252 100.48217 8(1,7)-7(1,6)E 23 20.8 574 4.4 -8.1 20
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Table 16 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
100.49095 100.49071 8(1,7)-7(1,6)A 23 20.8 572 4.4 -7.7 17
100.54375 100.54378 12(1,11)-12(1,12)E 47 0.8 60 2.5 -6.9 14
100.60018 100.60000 12(1,11)-12(1,12)A 47 0.8 71 2.7 -7.5 9
100.65963 100.65969 12(4,9)-12(3,10)E 57 3.0 256 4.9 -6.8 19
100.68183 100.68148 9(0,9)-8(0,8)E 25 23.7 544 4.7 -8.0 7
100.68370 100.68339 9(0,9)-8(0,8)A 25 23.7 537 4.1 -7.9 13
100.69341 100.69305 12(4,9)-12(3,10)A 57 3.0 131 3.7 -8.1 9
100.73506 100.73477 12(1,11)-12(0,12)E 47 1.4 114 3.2 -7.8 11
100.79081 100.79077 12(1,11)-12(0,12)A 47 1.4 105 2.1 -7.1 9
103.26241 103.26201 13(4,10)-13(3,11)A 65 3.2 115 3.3 -8.2 19
103.46674 103.46648 8(2,6)-7(2,5)E 25 20.2 326 4.1 -7.8 27
103.47879 103.47870 8(2,6)-7(2,5)A 25 20.2 328 3.9 -7.3 27
107.53752 107.53719 9(2,8)-8(2,7)E 29 22.8 399 4.6 -7.9 16
107.54397 107.54375 9(2,8)-8(2,7)A 29 22.8 414 4.8 -7.6 12
CH3OCH3 78.85641 78.85627 13(2,11)-13(1,12)AE 90 109.9 472 4.5 -7.5 8
blend 78.85627 13(2,11)-13(1,12)EA 90 73.2
78.85794 78.85782 13(2,11)-13(1,12)EE 90 293.0 547 4.0 -7.4 5
78.85947 78.85937 13(2,11)-13(1,12)AA 90 183.1 366 4.4 -7.4 14
79.75388 79.75370 15(3,13)-14(4,10)AA 122 21.1 67 4.7 -7.7 9
79.75667 79.75661 15(3,13)-14(4,10)EE 122 56.2 126 3.9 -7.2 9
79.75952 79.75945 15(3,13)-14(4,10)EA 122 14.0 77 3.0 -7.3 9
80.53652 80.53635 5(2,3)-5(1,4)AE 19 32.2 299 3.9 -7.6 18
blend 80.53641 5(2,3)-5(1,4)EA 19 21.5
80.53877 80.53865 5(2,3)-5(1,4)EE 19 85.9 391 4.3 -7.4 20
80.54099 80.54091 5(2,3)-5(1,4)AA 19 53.7 292 4.0 -7.3 10
81.36906 81.36897 21(5,16)-20(6,15)AA 246 47.4 31 3.8 -7.3 7
81.37046 81.37051 21(5,16)-20(6,15)EE 246 75.6 53 3.7 -6.8 7
81.46765 81.46762 18(4,15)-17(5,12)AA 178 41.5 50 4.4 -7.1 10
81.46986 81.46992 18(4,15)-17(5,12)EE 178 66.4 84 4.8 -6.8 10
81.47243 81.47239 18(4,15)-17(5,12)AE 178 24.9 49 4.0 -7.1 10
84.52956 84.52959 18(4,14)-17(5,13)EE 179 66.6 42 2.8 -6.9 5
84.63219 84.63190 3(2,1)-3(1,2)AE 11 16.4 109 4.4 -8.0 5
blend 84.63227 3(2,1)-3(1,2)EA 11 10.9
84.63458 84.63441 3(2,1)-3(1,2)EE 11 43.7 149 4.0 -7.6 5
84.63689 84.63674 3(2,1)-3(1,2)AA 11 27.3 104 4.4 -7.5 5
85.97344 85.97325 13(2,12)-12(3,9)AA 88 16.8 46 5.5 -7.7 10
85.97621 85.97613 13(2,12)-12(3,9)EE 88 44.9 147 4.1 -7.3 14
85.97915 85.97900 13(2,12)-12(3,9)EA 88 11.2 47 3.3 -7.5 9
88.70592 88.70622 15(2,13)-15(1,14)EA 117 78.8 364 4.7 -8.0 10
blend 88.70622 15(2,13)-15(1,14)AE 117 118.3
88.70788 88.70770 15(2,13)-15(1,14)EE 117 315.4 456 3.7 -7.6 6
88.70927 88.70918 15(2,13)-15(1,14)AA 117 197.1 349 4.1 -7.3 10
90.88927 90.88925 15(3,12)-14(4,11)AA 123 36.2 107 3.8 -7.1 9
90.89238 90.89225 15(3,12)-14(4,11)EE 123 57.9 133 3.8 -7.4 9
90.89528 90.89518 15(3,12)-14(4,11)AE 123 21.7 97 3.8 -7.3 9
blend 90.89533 15(3,12)-14(4,11)EA 123 14.5
blend 90.93751 6(0,6)-5(1,5)AA 19 32.3
90.93823 90.93810 6(0,6)-5(1,5)EE 19 86.1 589 5.9 -7.4 9
Table 16 continued on next page
Chemistry of COMs 57
Table 16 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
blend 90.93870 6(0,6)-5(1,5)AE 19 10.8
blend 90.93870 6(0,6)-5(1,5)EA 19 21.5
91.47412 91.47376 3(2,2)-3(1,3)EA 11 9.7 102 4.9 -8.2 12
blend 91.47414 3(2,2)-3(1,3)AE 11 4.9
91.47673 91.47660 3(2,2)-3(1,3)EE 11 38.9 290 4.0 -7.4 13
91.47933 91.47924 3(2,2)-3(1,3)AA 11 14.6 130 3.8 -7.3 6
92.70199 92.70196 8(5,3)-9(4,5)EE 68 12.0 61 2.3 -7.1 8
92.70295 92.70307 8(5,4)-9(4,5)AA 68 9.6 47 3.3 -6.6 8
92.71031 92.71029 8(5,4)-9(4,6)EE 68 12.0 61 2.5 -7.0 8
92.71645 92.71611 8(5,3)-9(4,6)AA 68 5.7 32 2.4 -5.9 8
93.66479 93.66460 12(1,11)-12(0,12)EA 74 37.6 139 4.7 -7.6 12
blend 93.66460 12(1,11)-12(0,12)AE 74 18.8
93.66657 93.66646 12(1,11)-12(0,12)EE 74 150.2 287 3.7 -7.4 11
93.66833 93.66832 12(1,11)-12(0,12)AA 74 56.3 198 4.2 -7.0 11
93.85463 93.85444 4(2,3)-4(1,4)EA 15 13.3 145 4.0 -7.6 10
blend 93.85456 4(2,3)-4(1,4)AE 15 19.9
93.85721 93.85710 4(2,3)-4(1,4)EE 15 53.1 204 4.3 -7.4 11
93.85983 93.85971 4(2,3)-4(1,4)AA 15 33.2 146 3.9 -7.4 7
96.84749 96.84724 5(2,4)-5(1,5)EA 19 16.4 112 4.2 -7.8 9
blend 96.84729 5(2,4)-5(1,5)AE 19 8.2
96.85010 96.84988 5(2,4)-5(1,5)EE 19 65.6 245 4.2 -7.7 9
96.85268 96.85250 5(2,4)-5(1,5)AA 19 24.6 110 3.9 -7.6 9
96.92848 96.92805 17(8,10)-18(7,12)EE 229 40.7 36 8.8 -8.3 9
96.93006 96.92937 17(8,9)-18(7,12)AA 229 26.2 27 1.8 -9.1 9
blend 99.32436 4(1,4)-3(0,3)EA 10 17.5
blend 99.32436 4(1,4)-3(0,3)AE 10 26.2
99.32542 99.32521 4(1,4)-3(0,3)EE 10 69.8 248 6.6 -7.6 16
blend 99.32606 4(1,4)-3(0,3)AA 10 43.6
99.83381 99.83366 14(2,13)-13(3,10)AA 101 28.9 96 2.6 -7.4 6
99.83663 99.83645 14(2,13)-13(3,10)EE 101 46.2 157 3.5 -7.5 14
99.83926 99.83924 14(2,13)-13(3,10)EA 101 11.5 109 2.8 -7.1 8
blend 99.83925 14(2,13)-13(3,10)AE 101 17.3
100.46061 100.46041 6(2,5)-6(1,6)EA 25 19.2 280 4.2 -7.6 19
blend 100.46044 6(2,5)-6(1,6)AE 25 28.8
100.46329 100.46307 6(2,5)-6(1,6)EE 25 76.9 365 4.7 -7.7 23
100.46591 100.46571 6(2,5)-6(1,6)AA 25 48.1 306 5.1 -7.6 13
105.76844 105.76828 13(1,12)-13(0,13)AE 86 55.0 262 3.7 -7.4 7
blend 105.76828 13(1,12)-13(0,13)EA 86 36.7
105.77053 105.77034 13(1,12)-13(0,13)EE 86 146.7 332 4.0 -7.5 16
105.77251 105.77240 13(1,12)-13(0,13)AA 86 91.7 235 3.5 -7.3 16
(CH3)2CO 81.78928 81.78900 7(1,6)-6(2,5)AE 18 44.8 62 3.1 -8.0 9
blend 81.78927 7(1,6)-6(2,5)EA 18 44.8 -7.0
90.53815 90.53790 13(3,10)-13(2,11)AE 60 28.4 60 3.2 -7.8 5
blend 90.53795 13(4,10)-13(3,11)AE 60 28.4 -7.7
blend 90.53799 13(3,10)-13(2,11)EA 60 28.4 -7.5
blend 90.53804 13(4,10)-13(3,11)EA 60 28.4 -7.4
91.63448 91.63464 8(1,7)-7(2,6)EE 22 53.4 47 3.0 -6.5 11
91.63777 91.63746 8(2,7)-7(1,6)EE 22 53.4 68 2.7 -8.0 11
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Table 16 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
91.66245 91.66203 8(2,7)-7(1,6)AA 22 53.4 103 3.8 -8.4 11
92.72882 92.72790 9(0,9)-8(1,8)AE 23 72.0 49 8.2 -10.0 8
blend 92.72791 9(1,9)-8(0,8)AE 23 72.0 -9.9
blend 92.72795 9(0,9)-8(1,8)EA 23 72.0 -9.8
blend 92.72795 9(1,9)-8(0,8)EA 23 72.0 -9.8
92.73591 92.73567 9(0,9)-8(1,8)EE 23 72.0 67 2.3 -7.8 8
blend 92.73567 9(1,9)-8(0,8)EE 23 72.0 -7.8
92.74359 92.74336 9(0,9)-8(1,8)AA 23 72.0 73 3.2 -7.8 8
blend 92.74336 9(1,9)-8(0,8)AA 23 72.0 -7.8
NH2CHO 81.69341 81.69345 4(1,4)-3(1,3) 13 49.0 92 6.9 -6.9 13
84.54235 84.54233 4(0,4)-3(0,3) 10 52.3 69 6.8 -7.1 5
84.80777 84.80779 4(2,3)-3(2,2) 22 39.2 61 7.8 -6.9 5
84.89116 84.89098 4(3,1)-3(3,0) 37 22.9 38 3.9 -7.6 7
87.84896 87.84887 4(1,3)-3(1,2) 14 49.0 88 7.2 -7.3 11
CH3CH2CN 79.67737 79.67750 9(0,9)-8(0,8) 19 133.1 121 4.7 -6.5 8
80.60199 80.60213 9(6,4)-8(6,3) 59 74.1 95 5.2 -6.5 8
blend 80.60213 9(6,3)-8(6,2) 59 74.1
80.60447 80.60457 9(5,5)-8(5,4) 47 92.2 165 5.3 -6.6 8
blend 80.60457 9(5,4)-8(5,3) 47 92.2
80.60623 80.60621 9(7,3)-8(7,2) 74 52.7 90 5.5 -7.1 5
blend 80.60621 9(7,2)-8(7,1) 74 52.7
80.61920 80.61923 9(4,6)-8(4,5) 37 107.1 152 4.7 -7.1 12
blend 80.61968 9(4,5)-8(4,4) 37 107.1
80.64973 80.64987 9(3,7)-8(3,6) 29 118.6 80 5.3 -6.5 10
80.68278 80.68280 9(3,6)-8(3,5) 29 118.6 92 5.0 -6.9 7
81.26127 81.26143 9(2,7)-8(2,6) 24 126.8 115 5.0 -6.4 5
86.81971 86.81984 10(1,10)-9(1,9) 24 146.7 38 4.9 -6.6 14
88.32358 88.32375 10(0,10)-9(0,9) 23 147.9 108 5.1 -6.4 7
89.29752 89.29764 10(2,9)-9(2,8) 28 142.3 47 3.3 -6.6 5
89.56191 89.56231 10(6,4)-9(6,3) 64 94.9 53 4.2 -5.7 7
blend 89.56231 10(6,5)-9(6,4) 64 94.9
89.56483 89.56503 10(7,3)-9(7,2) 78 75.6 44 4.3 -6.3 7
blend 89.56503 10(7,4)-9(7,3) 78 75.6
89.56813 89.56809 10(5,6)-9(5,5) 51 111.2 49 5.4 -7.1 6
blend 89.56810 10(5,5)-9(5,4) 51 111.2
89.59047 89.59003 10(4,7)-9(4,6) 41 124.5 52 7.2 -8.5 8
blend 89.59101 10(4,6)-9(4,5) 41 124.5
89.62884 89.62844 10(3,8)-9(3,7) 34 134.9 48 2.7 -8.4 11
89.68438 89.68471 10(3,7)-9(3,6) 34 134.9 107 2.5 -5.9 22
90.45320 90.45335 10(2,8)-9(2,7) 28 142.3 126 5.0 -6.5 5
91.54908 91.54911 10(1,9)-9(1,8) 25 146.7 165 5.0 -6.9 10
96.91967 96.91975 11(0,11)-10(0,10) 28 162.6 91 5.0 -6.8 3
98.52413 98.52388 11(6,6)-10(6,5) 68 114.5 166 6.5 -7.8 15
blend 98.52388 11(6,5)-10(6,4) 68 114.5
blend 98.52466 11(7,5)-10(7,4) 83 97.0
blend 98.52466 11(7,4)-10(7,3) 83 97.0
98.53206 98.53207 11(8,3)-10(8,2) 99 76.8 102 4.5 -7.0 15
blend 98.53207 11(8,4)-10(8,3) 99 76.8
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Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
98.53393 98.53397 11(5,7)-10(5,6) 56 129.4 159 4.2 -6.9 13
blend 98.53399 11(5,6)-10(5,5) 56 129.4
98.56479 98.56483 11(4,8)-10(4,7) 46 141.5 118 5.8 -6.9 14
98.56674 98.56679 11(4,7)-10(4,6) 46 141.5 101 3.6 -6.9 8
98.70091 98.70110 11(3,8)-10(3,7) 38 150.9 116 4.8 -6.4 7
99.68137 99.68150 11(2,9)-10(2,8) 33 157.6 222 4.9 -6.6 14
100.61410 100.61428 11(1,10)-10(1,9) 30 161.6 107 5.5 -6.5 16
107.04341 107.04351 12(2,11)-11(2,10) 38 172.9 95 4.0 -6.7 5
107.48491 107.48518 12(7,5)-11(7,4) 88 117.3 108 3.6 -6.3 9
blend 107.48518 12(7,6)-11(7,5) 88 117.3
107.48670 107.48696 12(6,6)-11(6,5) 74 133.4 125 4.6 -6.3 11
blend 107.48696 12(6,7)-11(6,6) 74 133.4
107.49134 107.49157 12(8,4)-11(8,3) 105 98.8 83 4.5 -6.4 9
blend 107.49157 12(8,5)-11(8,4) 105 98.8
107.50261 107.50242 12(5,8)-11(5,7) 61 147.0 129 6.4 -7.5 10
blend 107.50247 12(5,7)-11(5,6) 61 147.0
107.54759 107.54759 12(4,8)-11(4,7) 51 158.1 84 3.4 -7.0 5
107.59379 107.59404 12(3,10)-11(3,9) 44 166.7 82 6.3 -6.3 8
107.73408 107.73473 12(3,9)-11(3,8) 44 166.7 43 2.6 -5.2 8
CH2CHCN 92.42618 92.42625 10(1,10)-9(1,9) 27 144.1 53 3.7 -6.8 16
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Table 17. Observed Lines towards W51 e1/e2
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 80.99335 80.99326 7(2) - 8(1) A
− 103 2.5 326 9.6 56.7 11
81.65328 81.65293 18(4) - 19(3) E 493 5.9 349 8.1 55.7 11
84.52135 84.52121 5(-1) - 4(0) E 40 3.1 1262 8.2 56.5 24
85.56834 85.56807 6(-2) - 7(-1) E 75 2.0 690 9.7 56.0 20
86.61561 86.61560 7(2) - 6(3) A− 103 1.4 417 9.2 57.0 13
86.90293 86.90295 7(2) - 6(3) A+ 103 1.4 438 9.7 57.1 16
88.59507 88.59481 15(3) - 14(4) A+ 328 4.2 575 8.8 56.1 15
88.94004 88.93999 15(3) - 14(4) A− 328 4.2 267 9.6 56.8 8
89.50606 89.50578 8(-4) - 9(-3) E 171 1.6 453 8.9 56.1 12
94.54200 94.54181 8(3) - 9(2) E 131 2.2 702 9.4 56.4 22
94.81528 94.81507 19(7) - 20(6) A+ 685 4.6 152 7.8 56.3 19
blend 94.81508 19(7) - 20(6) A− 685 4.6
95.16997 95.16952 8(0) - 7(1) A+ 84 7.2 2613 8.0 55.6 12
95.91446 95.91431 2(1) - 1(1) A+ 21 1.2 435 8.4 56.5 12
96.73945 96.73936 2(-1) - 1(-1) E 13 1.2 550 4.8 56.7 25
96.74143 96.74138 2(0) - 1(0) A+ 7 1.6 1892 11.1 56.8 26
96.74471 96.74455 2(0) - 1(0) E 20 1.6 830 8.3 56.5 13
96.75570 96.75551 2(1) - 1(1) E 28 1.2 466 8.3 56.4 14
99.60230 99.60195 15(1) - 15(1) A 295 0.1 22 5.5 56.0 7
100.63915 100.63887 13(2) - 12(3) E 234 3.8 677 9.3 56.2 17
103.38148 103.38121 12(-2) - 12(1) E 207 0.8 371 8.5 56.2 20
105.57660 105.57638 14(-2) - 14(1) E 270 1.8 350 8.5 56.4 22
107.01423 107.01377 3(1) - 4(0) A+ 28 3.0 1402 8.7 55.7 26
HCOOCH3 79.40220 79.40177 9(3,7)-9(2,8)E 33 2.1 74 4.5 55.4 10
79.43289 79.43272 9(3,7)-9(2,8)A 33 2.1 126 6.6 56.4 10
79.45040 79.44981 9(2,8)-9(1,9)E 29 1.3 35 4.8 54.8 8
79.48858 79.48829 9(2,8)-9(1,9)A 29 1.3 42 6.6 55.9 7
79.78219 79.78165 7(0,7)-6(0,6)E 16 18.4 337 7.7 55.0 5
79.78440 79.78391 7(0,7)-6(0,6)A 16 18.4 295 5.5 55.2 5
84.44941 84.44910 7(2,6)-6(2,5)E 19 17.2 29 7.9 55.9 5
85.76220 85.76188 21(5,16)-21(4,17)E 156 7.9 103 8.9 55.9 4
85.77376 85.77332 21(5,16)-21(4,17)A 156 7.9 84 8.1 55.5 14
85.78098 85.78070 20(5,15)-20(4,16)E 143 7.3 83 9.4 56.0 17
85.78556 85.78526 20(5,15)-20(4,16)A 143 7.3 78 8.5 55.9 17
85.91958 85.91909 7(6,1)-6(6,0)E 40 5.0 121 5.8 55.3 16
85.92719 85.92651 7(6,2)-6(6,1)E 40 5.0 292 8.3 54.6 21
blend 85.92723 7(6,2)-6(6,1)A 40 5.0
blend 85.92724 7(6,1)-6(6,0)A 40 5.0
86.02140 86.02101 7(5,2)-6(5,1)E 33 9.2 174 7.5 55.6 15
86.02829 86.02767 7(5,3)-6(5,2)E 33 9.2 224 7.9 54.8 16
86.03046 86.02945 7(5,3)-6(5,2)A 33 9.2
blend 86.03021 7(5,2)-6(5,1)A 33 9.2 266 6.5 56.1 17
86.21039 86.21008 7(4,4)-6(4,3)A 27 12.7 222 7.1 55.9 18
blend 86.22355 7(4,3)-6(4,2)E 27 12.6
86.22430 86.22411 7(4,4)-6(4,3)E 27 12.6 362 7.7 56.3 23
86.25095 86.25058 7(4,3)-6(4,2)A 27 12.7 248 5.6 55.7 12
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(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
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(mK)
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(km s−1)
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86.26627 86.26583 7(3,5)-6(3,4)A 23 15.3 280 6.5 55.5 16
86.26917 86.26866 7(3,5)-6(3,4)E 23 15.2 269 6.0 55.2 7
87.76680 87.76630 8(0,8)-7(1,7)E 20 2.8 77 5.3 55.3 16
87.76942 87.76907 8(0,8)-7(1,7)A 20 2.8 62 5.7 55.8 17
88.05453 88.05403 19(5,14)-19(4,15)E 130 6.6 118 5.2 55.3 16
blend 88.05437 19(5,14)-19(4,15)A 130 6.6
88.17579 88.17563 10(4,6)-10(3,7)E 43 2.5 67 8.6 56.5 15
88.18085 88.18036 10(4,6)-10(3,7)A 43 2.5 61 9.1 55.3 17
88.68713 88.68691 11(3,9)-11(2,10)E 45 2.4 60 4.5 56.2 14
88.72335 88.72324 11(3,9)-11(2,10)A 45 2.4 53 6.4 56.6 13
88.84338 88.84312 7(1,6)-6(1,5)E 18 18.2 119 8.7 56.1 9
88.85179 88.85164 7(1,6)-6(1,5)A 18 18.2 115 8.2 56.5 11
89.31536 89.31459 8(1,8)-7(1,7)E 20 21.0 201 9.8 54.4 10
89.31755 89.31667 8(1,8)-7(1,7)A 20 21.0 99 5.1 54.1 4
89.79756 89.79699 11(1,10)-11(0,11)A 40 1.3 26 4.7 55.1 7
blend 91.77588 8(1,8)-7(0,7)E 20 2.9
91.77705 91.77679 20(4,16)-20(3,17)E 139 6.4 181 8.1 56.2 11
blend 91.77725 8(1,8)-7(0,7)A 20 2.9
91.82561 91.82518 20(4,16)-20(3,17)A 139 6.4 63 6.8 55.6 7
93.66059 93.66003 8(4,4)-8(3,5)A 32 1.8 40 5.3 55.2 9
93.70226 93.70128 8(4,4)-8(3,5)E 32 1.4 46 10.5 53.9 10
96.07070 96.07065 8(2,7)-7(2,6)E 24 20.0 38 9.4 56.8 8
96.07699 96.07688 8(2,7)-7(2,6)A 24 20.0 40 9.1 56.7 5
96.58738 96.58662 5(4,1)-5(3,2)A 19 0.8 32 4.0 54.6 5
98.27093 98.27037 8(6,2)-7(6,1)E 45 9.4 207 6.6 55.3 21
blend 98.27887 8(6,3)-7(6,2)E 45 9.4
98.27990 98.27975 8(6,3)-7(6,2)A 45 9.4 411 8.3 56.5 15
blend 98.27979 8(6,2)-7(6,1)A 45 9.4
98.42452 98.42408 8(5,3)-7(5,2)E 38 13.1 265 7.4 55.7 21
blend 98.43175 8(5,4)-7(5,3)E 38 13.1
98.43278 98.43277 8(5,4)-7(5,3)A 38 13.1 388 8.7 57.0 18
98.43635 98.43582 8(5,3)-7(5,2)A 38 13.1 262 5.7 55.4 15
98.60746 98.60677 8(3,6)-7(3,5)E 27 18.4 316 7.7 54.9 20
98.61139 98.61120 8(3,6)-7(3,5)A 27 18.4 339 8.0 56.4 26
98.68304 98.68263 8(4,5)-7(4,4)A 32 16.1 319 6.7 55.8 18
98.71244 98.71193 8(4,5)-7(4,4)E 32 15.6 329 8.5 55.5 22
98.74838 98.74780 8(4,4)-7(4,3)E 32 15.6 320 6.9 55.2 16
99.13382 99.13319 9(0,9)-8(1,8)E 25 3.3 52 3.1 55.1 8
99.13649 99.13579 9(0,9)-8(1,8)A 25 3.3 39 3.2 54.9 4
100.29476 100.29451 8(3,5)-7(3,4)E 27 18.4 130 8.2 56.3 10
100.30834 100.30821 8(3,5)-7(3,4)A 27 18.4 136 9.3 56.6 10
100.48266 100.48217 8(1,7)-7(1,6)E 23 20.8 353 7.4 55.6 22
100.49113 100.49071 8(1,7)-7(1,6)A 23 20.8 360 7.6 55.7 20
100.66013 100.65969 12(4,9)-12(3,10)E 57 3.0 218 10.5 55.7 18
100.68258 100.68148 9(0,9)-8(0,8)E 25 23.7 411 10.3 53.7 16
100.68431 100.68339 9(0,9)-8(0,8)A 25 23.7 121 3.8 54.3 12
100.69360 100.69305 12(4,9)-12(3,10)A 57 3.0 76 4.5 55.4 14
100.73509 100.73477 12(1,11)-12(0,12)E 47 1.4 62 6.4 56.1 15
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Table 17 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
103.05777 103.05705 21(4,17)-21(3,18)E 152 6.2 57 5.9 54.9 4
103.22912 103.22841 13(4,10)-13(3,11)E 65 3.2 80 3.2 54.9 4
103.26245 103.26201 13(4,10)-13(3,11)A 65 3.2 78 5.7 55.7 8
103.46707 103.46648 8(2,6)-7(2,5)E 25 20.2 316 7.0 55.3 9
103.47913 103.47870 8(2,6)-7(2,5)A 25 20.2 317 6.8 55.7 12
107.53775 107.53719 9(2,8)-8(2,7)E 29 22.8 241 7.4 55.4 14
107.54437 107.54375 9(2,8)-8(2,7)A 29 22.8 272 10.3 55.3 26
(CH3)2CO 81.78966 81.78900 7(1,6)-6(2,5)AE 18 44.8 33 4.5 54.6 7
blend 81.78927 7(1,6)-6(2,5)EA 18 44.8
90.53840 90.53790 13(3,10)-13(2,11)AE 60 28.4 22 3.3 55.4 5
blend 90.53795 13(4,10)-13(3,11)AE 60 28.4
blend 90.53799 13(3,10)-13(2,11)EA 60 28.4
blend 90.53804 13(4,10)-13(3,11)EA 60 28.4
91.63513 91.63464 8(1,7)-7(2,6)EE 22 53.4 48 5.5 55.4 7
91.63795 91.63746 8(2,7)-7(1,6)EE 22 53.4 45 4.2 55.4 9
91.66291 91.66203 8(2,7)-7(1,6)AA 22 53.4 49 6.5 54.1 8
92.73563 92.73567 9(0,9)-8(1,8)EE 23 72.0 40 9.1 57.1 9
blend 92.73567 9(1,9)-8(0,8)EE 23 72.0
92.74359 92.74336 9(0,9)-8(1,8)AA 23 72.0 27 4.7 56.3 9
blend 92.74336 9(1,9)-8(0,8)AA 23 72.0
NH2CHO 81.69355 81.69345 4(1,4)-3(1,3) 13 49.0 169 8.8 56.6 7
84.54226 84.54233 4(0,4)-3(0,3) 10 52.3 32 12.2 57.3 5
84.80763 84.80779 4(2,3)-3(2,2) 22 39.2 28 12.1 57.6 6
84.88950 84.88899 4(3,2)-3(3,1) 37 22.9 24 14.2 55.2 5
blend 84.89098 4(3,1)-3(3,0) 37 22.9
87.84887 87.84887 4(1,3)-3(1,2) 14 49.0 170 10.3 57.0 11
105.46470 105.46422 5(0,5)-4(0,4) 15 65.3 171 11.5 55.6 19
CH3CH2CN 79.67754 79.67750 9(0,9)-8(0,8) 19 133.1 112 12.5 56.9 11
blend 80.60457 9(5,5)-8(5,4) 47 92.2 5
blend 80.60457 9(5,4)-8(5,3) 47 92.2 5
80.60525 80.60621 9(7,3)-8(7,2) 74 52.7 138 9.4 60.6 5
blend 80.60621 9(7,2)-8(7,1) 74 52.7 5
80.61921 80.61923 9(4,6)-8(4,5) 37 107.1 112 11.7 57.1 9
blend 80.61968 9(4,5)-8(4,4) 37 107.1
80.64964 80.64987 9(3,7)-8(3,6) 29 118.6 74 9.4 57.9 7
80.68270 80.68280 9(3,6)-8(3,5) 29 118.6 70 9.4 57.4 5
81.26083 81.26143 9(2,7)-8(2,6) 24 126.8 49 8.3 59.2 7
86.81917 86.81984 10(1,10)-9(1,9) 24 146.7 73 9.4 59.3 12
88.32352 88.32375 10(0,10)-9(0,9) 23 147.9 112 8.8 57.8 11
89.29707 89.29764 10(2,9)-9(2,8) 28 142.3 73 10.0 58.9 8
89.56230 89.56231 10(6,4)-9(6,3) 64 94.9 101 10.4 57.0 9
blend 89.56231 10(6,5)-9(6,4) 64 94.9
89.56492 89.56503 10(7,3)-9(7,2) 78 75.6 71 7.3 57.4 5
blend 89.56503 10(7,4)-9(7,3) 78 75.6
89.56784 89.56809 10(5,6)-9(5,5) 51 111.2 108 11.4 57.8 7
blend 89.56810 10(5,5)-9(5,4) 51 111.2
89.57253 89.57305 10(8,2)-9(8,1) 95 53.4 51 12.0 58.7 7
blend 89.57305 10(8,3)-9(8,2) 95 53.4
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Table 17 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
89.59029 89.59003 10(4,7)-9(4,6) 41 124.5 136 12.0 56.1 9
blend 89.59101 10(4,6)-9(4,5) 41 124.5
89.62823 89.62844 10(3,8)-9(3,7) 34 134.9 77 8.9 57.7 7
89.68427 89.68471 10(3,7)-9(3,6) 34 134.9 75 11.3 58.5 10
90.45286 90.45335 10(2,8)-9(2,7) 28 142.3 48 10.4 58.6 5
98.52398 98.52388 11(6,6)-10(6,5) 68 114.5 216 10.2 56.7 9
blend 98.52388 11(6,5)-10(6,4) 68 114.5
blend 98.52466 11(7,5)-10(7,4) 83 97.0
blend 98.52466 11(7,4)-10(7,3) 83 97.0
blend 98.53207 11(8,4)-10(8,3) 99 76.8
blend 98.53397 11(5,7)-10(5,6) 56 129.4
blend 98.53399 11(5,6)-10(5,5) 56 129.4
98.54377 98.54415 11(9,2)-10(9,1) 118 53.9 69 6.1 58.1 9
blend 98.54415 11(9,3)-10(9,2) 118 53.9
blend 98.56483 11(4,8)-10(4,7) 46 141.5
98.56548 98.56679 11(4,7)-10(4,6) 46 141.5 170 13.9 61.0 11
98.70097 98.70110 11(3,8)-10(3,7) 38 150.9 137 13.6 57.4 18
105.46914 105.46929 12(0,12)-11(0,11) 33 177.4 113 9.5 57.4 14
107.04306 107.04351 12(2,11)-11(2,10) 38 172.9 100 8.5 58.3 8
blend 107.48518 12(7,5)-11(7,4) 88 117.3
blend 107.48518 12(7,6)-11(7,5) 88 117.3
blend 107.48696 12(6,6)-11(6,5) 74 133.4
blend 107.48696 12(6,7)-11(6,6) 74 133.4
107.49020 107.49157 12(8,4)-11(8,3) 105 98.8 73 18.4 60.8 12
blend 107.49157 12(8,5)-11(8,4) 105 98.8
107.50233 107.50242 12(5,8)-11(5,7) 61 147.0 148 11.7 57.3 12
blend 107.50247 12(5,7)-11(5,6) 61 147.0
blend 107.50360 12(9,3)-11(9,2) 124 77.8
blend 107.50360 12(9,4)-11(9,3) 124 77.8
107.54425 107.54392 12(4,9)-11(4,8) 51 158.1 291 8.6 56.1 11
107.59400 107.59404 12(3,10)-11(3,9) 44 166.7 93 7.9 57.1 11
CH2CHCN 92.42566 92.42625 10(1,10)-9(1,9) 27 144.1 47 7.9 58.9 5
94.75991 94.76078 10(2,9)-9(2,8) 34 139.7 30 8.4 59.7 9
94.91261 94.91312 10(4,7)-9(4,6) 60 122.3 58 11.1 58.6 9
blend 94.91323 10(4,6)-9(4,5) 60 122.3
blend 94.91396 10(5,5)-9(5,4) 79 109.2
blend 94.91396 10(5,6)-9(5,5) 79 109.2
96.98259 96.98244 10(1,9)-9(1,8) 28 144.1 38 7.9 56.5 6
103.57455 103.57540 11(0,11)-10(0,10) 30 160.0 51 10.3 59.5 8
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Table 18. Observed Lines towards G31.41+0.3
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 80.99327 80.99324 7(2) - 8(1) A
− 103 2.5 241 6.1 96.9 9
81.65291 81.65293 18(4) - 19(3) E 493 5.9 114 7.3 97.1 11
84.42373 84.42378 13(-3) - 14(-2) E 274 4.3 70 7.9 97.2 12
84.52089 84.52117 5(-1) - 4(0) E 40 3.1 481 5.7 98.0 15
84.74390 84.74390 19(4) - 18(5) E 537 5.2 51 8.7 97.0 11
86.61558 86.61560 7(2) - 6(3) A− 103 1.4 387 6.4 97.1 16
86.90297 86.90295 7(2) - 6(3) A+ 103 1.4 449 6.9 96.9 22
88.93988 88.93999 15(3) - 14(4) A− 328 4.2 276 7.2 97.4 15
89.50577 89.50581 8(-4) - 9(-3) E 171 1.6 435 5.3 97.1 13
95.91428 95.91431 2(1) - 1(1) A+ 21 1.2 206 6.5 97.1 12
96.73946 96.73936 2(-1) - 1(-1) E 13 1.2 486 4.9 96.7 21
96.74148 96.74138 2(0) - 1(0) A 7 1.6 568 5.2 96.7 20
96.74460 96.74455 2(0) - 1(0) E 20 1.6 252 6.2 96.8 15
96.75546 96.75551 2(1) - 1(1) E 28 1.2 199 6.5 97.2 11
100.63886 100.63890 13(2) - 12(3) E 234 3.8 428 6.1 97.1 16
103.38084 103.38115 12(-2) - 12(1) E 207 0.8 230 6.1 97.9 17
104.06051 104.06066 13(-3) - 12(-4) E 274 3.3 200 8.3 97.4 24
104.33627 104.33656 13(-2) - 13(1) E 237 1.2 195 8.4 97.8 24
104.35479 104.35482 10(4) - 11(3) A− 208 2.5 249 7.5 97.1 28
105.06374 105.06369 13(1) - 12(2) A+ 224 4.3 292 7.6 96.9 16
105.57613 105.57629 14(-2) - 14(1) E 270 1.8 215 7.1 97.4 25
HCOOCH3 79.78164 79.78227 7(0,7)-6(0,6)E 16 18.4 107 6.7 99.4 12
79.78386 79.78391 7(0,7)-6(0,6)A 16 18.4 102 4.5 97.2 12
86.02102 86.02165 7(5,2)-6(5,1)E 33 9.2 37 4.4 99.2 12
86.02906 86.02966 7(5,2)-6(5,1)A 33 9.2 57 10.9 99.1 16
blend 86.03021 7(5,3)-6(5,2)A 33 9.2
88.84302 88.84349 7(1,6)-6(1,5)E 18 18.2 222 5.1 98.6 12
88.85147 88.85208 7(1,6)-6(1,5)A 18 18.2 208 5.6 99.1 18
89.31463 89.31459 8(1,8)-7(1,7)E 20 21.0 235 6.4 96.9 18
89.31660 89.31667 8(1,8)-7(1,7)A 20 21.0 227 5.5 97.2 10
96.07659 96.07726 8(2,7)-7(2,6)A 24 20.0 67 5.6 99.1 14
100.29450 100.29514 8(3,5)-7(3,4)E 27 18.4 258 5.4 98.9 17
100.30797 100.30879 8(3,5)-7(3,4)A 27 18.4 233 7.1 99.5 19
100.48211 100.48265 8(1,7)-7(1,6)E 23 20.8 266 5.8 98.6 15
100.49057 100.49150 8(1,7)-7(1,6)A 23 20.8 276 6.1 99.8 16
100.68146 100.68148 9(0,9)-8(0,8)A 25 23.7 266 5.5 97.0 15
100.68340 100.68339 9(0,9)-8(0,8)E 25 23.7 256 4.7 97.0 14
103.46638 103.46729 8(2,6)-7(2,5)E 25 20.2 197 5.7 99.6 23
103.47848 103.47927 8(2,6)-7(2,5)A 25 20.2 216 6.0 99.3 23
CH3OCH3 blend 78.85627 13(2,11)-13(1,12)EA 90 73.2
blend 78.85627 13(2,11)-13(1,12)AE 90 109.9
78.85766 78.85782 13(2,11)-13(1,12)EE 90 293.0 105 15.9 97.6 15
blend 78.85937 13(2,11)-13(1,12)AA 90 183.1
blend 90.93751 6(0,6)-5(1,5)AA 19 32.3
90.93794 90.93810 6(0,6)-5(1,5)EE 19 86.1 142 10.4 97.5 10
blend 90.93870 6(0,6)-5(1,5)AE 19 10.8
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Table 18 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
blend 90.93870 6(0,6)-5(1,5)EA 19 21.5
blend 96.84724 5(2,4)-5(1,5)EA 19 16.4
blend 96.84729 5(2,4)-5(1,5)AE 19 8.2
96.84943 96.84988 5(2,4)-5(1,5)EE 19 65.6 58 16.8 98.4 17
blend 96.85250 5(2,4)-5(1,5)AA 19 24.6
blend 99.32436 4(1,4)-3(0,3)EA 10 17.5
blend 99.32436 4(1,4)-3(0,3)AE 10 26.2
99.32505 99.32521 4(1,4)-3(0,3)EE 10 69.8 299 10.9 97.5 13
blend 99.32606 4(1,4)-3(0,3)AA 10 43.6
blend 100.43420 22(5,18)-21(6,15)AA 266 50.9
100.43523 100.43548 22(5,18)-21(6,15)EE 266 81.4 47 8.2 97.8 11
blend 100.43671 22(5,18)-21(6,15)EA 266 20.3
blend 100.43682 22(5,18)-21(6,15)AE 266 30.6
blend 100.46041 6(2,5)-6(1,6)EA 25 19.2
100.46035 100.46044 6(2,5)-6(1,6)AE 25 28.8 141 14.1 97.3 13
blend 100.46307 6(2,5)-6(1,6)EE 25 76.9
blend 100.46571 6(2,5)-6(1,6)AA 25 48.1
blend 100.94684 19(4,16)-18(5,13)AA 196 27.0
100.94847 100.94900 19(4,16)-18(5,13)EE 196 71.9 51 11.8 98.6 11
blend 100.95109 19(4,16)-18(5,13)EA 196 18.0
blend 100.95125 19(4,16)-18(5,13)AE 196 9.0
blend 104.17587 17(2,15)-17(1,16)EA 148 79.6
blend 104.17587 17(2,15)-17(1,16)AE 148 119.3
104.17709 104.17738 17(2,15)-17(1,16)EE 148 318.3 203 13.7 97.8 29
blend 104.17889 17(2,15)-17(1,16)AA 148 198.9
blend 105.76828 13(1,12)-13(0,13)EA 86 36.7
blend 105.76828 13(1,12)-13(0,13)AE 86 55.0
105.77016 105.77034 13(1,12)-13(0,13)EE 86 146.7 148 14.6 97.5 31
blend 105.77240 13(1,12)-13(0,13)AA 86 91.7
(CH3)2CO 92.72799 92.72790 9(0,9)-8(1,8)AE 23 72.0 28 8.0 96.7 12
blend 92.72791 9(1,9)-8(0,8)AE 23 72.0
blend 92.72795 9(0,9)-8(1,8)EA 23 72.0
blend 92.72795 9(1,9)-8(0,8)EA 23 72.0
92.73555 92.73567 9(0,9)-8(1,8)EE 23 72.0 46 6.0 97.4 10
blend 92.73567 9(1,9)-8(0,8)EE 23 72.0
92.74321 92.74336 9(0,9)-8(1,8)AA 23 72.0 36 3.5 97.5 12
99.26641 99.26643 5(5,0)-4(4,1)AA 14 34.3 41 4.9 97.0 12
100.35073 100.35030 8(2,6)-7(3,5)EE 25 43.4 54 7.9 95.7 11
NH2CHO 81.69346 81.69345 4(1,4)-3(1,3) 13 49.0 63 9.0 96.9 10
blend 84.88899 4(3,2)-3(3,1) 37 22.9
84.89044 84.89098 4(3,1)-3(3,0) 37 22.9 34 12.3 98.9 10
87.84870 87.84887 4(1,3)-3(1,2) 14 49.0 114 9.8 97.6 13
105.46447 105.46422 5(0,5)-4(0,4) 15 65.3 139 10.3 96.3 28
105.97273 105.97260 5(2,4)-4(2,3) 27 54.9 106 9.6 96.6 26
106.10800 106.10786 5(4,2)-4(4,1) 63 23.5 63 9.1 96.6 17
blend 106.10788 5(4,1)-4(4,0) 63 23.5
106.13460 106.13442 5(3,3)-4(3,2) 42 41.8 101 7.6 96.5 22
106.14127 106.14139 5(3,2)-4(3,1) 42 41.8 62 10.2 97.4 18
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Table 18 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3CH2CN 79.67739 79.67751 9(0,9)-8(0,8) 19 133.1 99 8.2 97.4 13
81.26127 81.26133 9(2,7)-8(2,6) 24 126.8 101 7.1 97.2 8
86.81976 86.81985 10(1,10)-9(1,9) 24 146.7 229 5.7 97.3 12
89.00898 89.00931 25(2,23)-25(1,24) 147 24.4 37 5.2 98.1 13
89.29745 89.29766 10(2,9)-9(2,8) 28 142.3 188 6.7 97.7 16
89.41513 89.41539 24( 3,21)-24( 2,22) 140 27.8 66 6.4 97.9 15
89.56206 89.56231 10(6,4)-9(6,3) 64 94.9 208 7.3 97.9 17
blend 89.56231 10(6,5)-9(6,4) 64 94.9
89.56472 89.56503 10(7,3)-9(7,2) 78 75.6 212 7.0 98.0 14
blend 89.56503 10(7,4)-9(7,3) 78 75.6
89.56792 89.56809 10(5,6)-9(5,5) 51 111.2 240 7.4 97.6 16
blend 89.56810 10(5,5)-9(5,4) 51 111.2
89.57280 89.57305 10(8,2)-9(8,1) 95 53.4 154 7.0 97.8 16
blend 89.57305 10(8,3)-9(8,2) 95 53.4
89.58472 89.58491 10(9,1)-9(9,0) 114 28.2 92 7.3 97.6 15
blend 89.58491 10(9,2)-9(9,1) 114 28.2
89.59044 89.59003 10(4,7)-9(4,6) 41 124.5 260 10.0 95.6 12
blend 89.59101 10(4,6)-9(4,5) 41 124.5
89.62834 89.62848 10(3,8)-9(3,7) 34 134.9 208 6.7 97.5 20
89.68460 89.68471 10(3,7)-9(3,6) 34 134.9 220 5.4 97.4 18
90.45318 90.45335 10(2,8)-9(2,7) 28 142.3 103 6.7 97.6 9
99.07015 99.07060 32(3,29)-32(2,30) 240 37.3 57 9.7 98.4 12
99.68134 99.68146 11(2,9)-10(2,8) 33 157.6 231 7.4 97.3 12
100.61417 100.61420 11(1,10)-10(1,9) 30 161.6 226 6.8 97.1 13
104.05139 104.05139 12(1 12)-11(1 11) 34 176.5 173 2.8 96.7 10
CH2CHCN 84.94559 84.94625 9(0,9)-8(0,8) 20 130.9 26 6.1 99.3 12
96.98260 96.98244 10(1,9)-9(1,8) 25 145.5 27 6.0 96.5 17
103.57528 103.57570 11(0 11)-10(0 10) 30 160.0 63 7.7 98.2 21
104.21254 104.21291 11(2 10)-10(2 9) 39 154.8 48 9.9 98.1 20
104.45388 104.45423 11(3 8)-10(3 7) 50 148.2 86 5.6 98.0 17
104.96034 104.96147 11(2,9)-10(2,8) 39 154.8 69 5.1 97.0 14
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Table 19. Observed Lines towards G34.3+0.2
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 80.99306 80.99326 7(2) - 8(1) A
− 103 2.5 539 7.1 59.4 12
81.65298 81.65293 18(4) - 19(3) E 493 5.9 210 6.3 58.4 9
85.56790 85.56807 6(-2) - 7(-1) E 75 2.0 495 7.0 59.2 10
88.59464 88.59481 15(3) - 14(4) A+ 328 4.2 369 7.0 59.2 11
89.50548 89.50578 8(-4) - 9(-3) E 171 1.6 206 6.9 59.6 6
94.54160 94.54181 8(3) - 9(2) E 131 2.2 511 6.8 59.3 16
94.81494 94.81507 19(7) - 20(6) A+ 685 4.6 71 5.2 59.0 6
blend 94.81508 19(7) - 20(6) A− 685 4.6
95.16931 95.16952 8(0) - 7(1) A+ 84 7.2 827 7.1 59.3 17
99.60181 99.60195 15(1) - 15(1) A 295 0.1 50 4.0 59.0 9
100.63866 100.63887 13(2) - 12(3) E 234 3.8 399 7.1 59.2 11
103.32509 103.32525 12(3) - 13(0) E 229 0.04 31 2.5 59.1 9
103.38091 103.38121 12(-2) - 12(1) E 207 0.8 110 6.4 59.5 10
105.57602 105.57638 14(-2) - 14(1) E 270 1.8 192 6.5 59.6 10
107.01371 107.01377 3(1) - 4(0) A+ 28 3.0 664 6.7 58.8 22
107.15965 107.15991 15(-2) - 15(1) E 305 2.6 170 7.1 59.3 9
HCOOCH3 79.78253 79.78165 7(0,7)-6(0,6)E 16 18.4 127 14.9 55.3 15
blend 79.78391 7(0,7)-6(0,6)A 16 18.4
85.76141 85.76188 21(5,16)-21(4,17)E 156 7.9 40 4.5 60.3 6
85.91923 85.91909 7(6,1)-6(6,0)E 40 5.0 49 8.1 58.1 9
85.92656 85.92651 7(6,2)-6(6,1)E 40 5.0 198 9.3 58.4 10
blend 85.92723 7(6,2)-6(6,1)A 40 5.0
blend 85.92724 7(6,1)-6(6,0)A 40 5.0
86.02094 86.02101 7(5,2)-6(5,1)E 33 9.2 50 6.7 58.9 8
86.02738 86.02767 7(5,3)-6(5,2)E 33 9.2 57 5.3 59.6 7
86.02960 86.02945 7(5,3)-6(5,2)A 33 9.2 110 7.8 58.1 8
blend 86.03021 7(5,2)-6(5,1)A 33 9.2
86.20987 86.21008 7(4,4)-6(4,3)A 27 12.7 81 7.1 59.3 10
blend 86.22355 7(4,3)-6(4,2)E 27 12.6
86.22384 86.22411 7(4,4)-6(4,3)E 27 12.6 167 7.5 59.6 11
86.25030 86.25058 7(4,3)-6(4,2)A 27 12.7 87 5.5 59.6 10
86.26583 86.26583 7(3,5)-6(3,4)A 23 15.3 86 9.3 58.6 9
86.26866 86.26866 7(3,5)-6(3,4)E 23 15.2 100 5.5 58.6 8
88.05400 88.05403 19(5,14)-19(4,15)E 130 6.6 40 7.9 58.7 8
blend 88.05437 19(5,14)-19(4,15)A 130 6.6
blend 91.77588 8(1,8)-7(0,7)E 20 2.9
91.77684 91.77679 20(4,16)-20(3,17)E 139 6.4 64 7.8 58.4 9
blend 91.77725 8(1,8)-7(0,7)A 20 2.9
91.82536 91.82518 20(4,16)-20(3,17)A 139 6.4 29 5.6 58.0 10
98.27009 98.27037 8(6,2)-7(6,1)E 45 9.4 55 9.0 59.4 8
blend 98.27887 8(6,3)-7(6,2)E 45 9.4
98.27932 98.27975 8(6,3)-7(6,2)A 45 9.4 161 7.3 59.9 10
blend 98.27979 8(6,2)-7(6,1)A 45 9.4
98.42400 98.42408 8(5,3)-7(5,2)E 38 13.1 88 6.2 58.8 10
blend 98.43175 8(5,4)-7(5,3)E 38 13.1 10
98.43222 98.43277 8(5,4)-7(5,3)A 38 13.1 139 7.0 60.3 10
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Table 19 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
98.43560 98.43582 8(5,3)-7(5,2)A 38 13.1 79 7.0 59.3 9
98.60672 98.60677 8(3,6)-7(3,5)E 27 18.4 103 7.0 58.8 8
98.61070 98.61120 8(3,6)-7(3,5)A 27 18.4 210 6.6 60.1 10
98.68238 98.68263 8(4,5)-7(4,4)A 32 16.1 143 8.0 59.4 10
98.71199 98.71193 8(4,5)-7(4,4)E 32 15.6 111 7.9 58.4 9
98.74793 98.74780 8(4,4)-7(4,3)E 32 15.6 76 5.7 58.2 9
100.48206 100.48217 8(1,7)-7(1,6)E 23 20.8 127 8.0 58.9 8
100.49062 100.49071 8(1,7)-7(1,6)A 23 20.8 122 7.5 58.9 10
100.66030 100.65969 12(4,9)-12(3,10)E 57 3.0 158 5.6 56.8 9
100.68095 100.68148 9(0,9)-8(0,8)E 25 23.7 67 5.7 60.2 9
100.68273 100.68339 9(0,9)-8(0,8)A 25 23.7 149 7.7 60.6 9
100.69326 100.69305 12(4,9)-12(3,10)A 57 3.0 23 3.0 58.0 8
100.73459 100.73477 12(1,11)-12(0,12)E 47 1.4 21 4.8 59.1 8
103.46628 103.46648 8(2,6)-7(2,5)E 25 20.2 70 6.9 59.2 10
103.47836 103.47870 8(2,6)-7(2,5)A 25 20.2 79 7.4 59.6 10
107.53713 107.53719 9(2,8)-8(2,7)E 29 22.8 88 7.0 58.8 7
107.54374 107.54375 9(2,8)-8(2,7)A 29 22.8 134 7.9 58.6 6
CH3OCH3 blend 78.85627 13(2,11)-13(1,12)AE 90 109.9
blend 78.85627 13(2,11)-13(1,12)EA 90 73.2
78.85781 78.85782 13(2,11)-13(1,12)EE 90 293.0 189 13.5 58.7 17
blend 78.85937 13(2,11)-13(1,12)AA 90 183.1
blend 79.75370 15(3,13)-14(4,10)AA 122 21.1
79.75542 79.75661 15(3,13)-14(4,10)EE 122 56.2 35 15.7 63.1 8
blend 79.75945 15(3,13)-14(4,10)EA 122 14.0
blend 79.75960 15(3,13)-14(4,10)AE 122 7.0
blend 80.53635 5(2,3)-5(1,4)AE 19 32.2
blend 80.53641 5(2,3)-5(1,4)EA 19 21.5
80.53827 80.53865 5(2,3)-5(1,4)EE 19 85.9 80 22.2 60.0 13
blend 80.54091 5(2,3)-5(1,4)AA 19 53.7
blend 90.93751 6(0,6)-5(1,5)AA 19 32.3
90.93778 90.93810 6(0,6)-5(1,5)EE 19 86.1 89 8.5 59.7 6
blend 90.93870 6(0,6)-5(1,5)AE 19 10.8
blend 90.93870 6(0,6)-5(1,5)EA 19 21.5
blend 93.66460 12(1,11)-12(0,12)EA 74 37.6
blend 93.66460 12(1,11)-12(0,12)AE 74 18.8
93.66664 93.66646 12(1,11)-12(0,12)EE 74 150.2 71 13.5 58.0 8
blend 93.66832 12(1,11)-12(0,12)AA 74 56.3
blend 93.85444 4(2,3)-4(1,4)EA 15 13.3
93.85423 93.85456 4(2,3)-4(1,4)AE 15 19.9 30 4.8 59.6 8
93.85723 93.85710 4(2,3)-4(1,4)EE 15 53.1 38 9.9 58.2 8
blend 93.85971 4(2,3)-4(1,4)AA 15 33.2
blend 99.32436 4(1,4)-3(0,3)EA 10 17.5
blend 99.32436 4(1,4)-3(0,3)AE 10 26.2
99.32507 99.32521 4(1,4)-3(0,3)EE 10 69.8 232 8.4 59.0 17
blend 99.32606 4(1,4)-3(0,3)AA 10 43.6
blend 100.46041 6(2,5)-6(1,6)EA 25 19.2
blend 100.46044 6(2,5)-6(1,6)AE 25 28.8
100.46462 100.46307 6(2,5)-6(1,6)EE 25 76.9 134 18.4 54.0 20
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Table 19 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
blend 100.46571 6(2,5)-6(1,6)AA 25 48.1
blend 105.76828 13(1,12)-13(0,13)AE 86 55.0
blend 105.76828 13(1,12)-13(0,13)EA 86 36.7
105.76988 105.77034 13(1,12)-13(0,13)EE 86 146.7 84 13.3 59.9 7
blend 105.77240 13(1,12)-13(0,13)AA 86 91.7
(CH3)2CO 81.78954 81.78900 7(1,6)-6(2,5)AE 18 44.8 40 2.1 56.6 10
blended 81.78927 7(1,6)-6(2,5)EA 18 44.8
91.66311 91.66203 8(2,7)-7(1,6)AA 22 53.4 59 8.1 55.1 9
92.73597 92.73567 9(0,9)-8(1,8)EE 23 72.0 69 4.8 57.6 9
blended 92.73567 9(1,9)-8(0,8)EE 23 72.0
92.74367 92.74336 9(0,9)-8(1,8)AA 23 72.0 39 5.3 57.6 9
blended 92.74336 9(1,9)-8(0,8)AA 23 72.0
NH2CHO 81.69370 81.69345 4(1,4)-3(1,3) 13 49.0 87 6.3 57.7 10
87.84910 87.84887 4(1,3)-3(1,2) 14 49.0 83 7.0 57.8 11
105.46458 105.46422 5(0,5)-4(0,4) 15 65.3 94 6.0 57.6 7
CH3CH2CN 79.67779 79.67750 9(0,9)-8(0,8) 19 133.1 147 4.9 57.5 10
80.60228 80.60213 9(6,4)-8(6,3) 59 74.1 94 4.9 58.0 8
blend 80.60213 9(6,3)-8(6,2) 59 74.1
80.60520 80.60457 9(5,5)-8(5,4) 47 92.2 152 12.0 56.3 14
blend 80.60457 9(5,4)-8(5,3) 47 92.2
blend 80.60621 9(7,3)-8(7,2) 74 52.7
blend 80.60621 9(7,2)-8(7,1) 74 52.7
blend 80.61923 9(4,6)-8(4,5) 37 107.1
80.61977 80.61968 9(4,5)-8(4,4) 37 107.1 167 6.0 58.3 12
80.65015 80.64987 9(3,7)-8(3,6) 29 118.6 111 5.0 57.6 7
80.68298 80.68280 9(3,6)-8(3,5) 29 118.6 83 5.8 57.9 9
88.32400 88.32375 10(0,10)-9(0,9) 23 147.9 126 5.5 57.8 7
89.56257 89.56231 10(6,4)-9(6,3) 64 94.9 68 5.7 57.7 10
blend 89.56231 10(6,5)-9(6,4) 64 94.9 68 5.7 57.7 10
89.56531 89.56503 10(7,3)-9(7,2) 78 75.6 67 6.6 57.7 12
blend 89.56503 10(7,4)-9(7,3) 78 75.6
89.56842 89.56809 10(5,6)-9(5,5) 51 111.2 82 6.7 57.5 10
blend 89.56810 10(5,5)-9(5,4) 51 111.2
89.57417 89.57305 10(8,2)-9(8,1) 95 53.4 46 4.4 54.8 5
blend 89.57305 10(8,3)-9(8,2) 95 53.4
89.59066 89.59003 10(4,7)-9(4,6) 41 124.5 91 7.2 56.5 9
blend 89.59101 10(4,6)-9(4,5) 41 124.5
89.62881 89.62844 10(3,8)-9(3,7) 34 134.9 70 5.8 57.4 8
89.68486 89.68471 10(3,7)-9(3,6) 34 134.9 59 7.8 58.1 10
90.45363 90.45335 10(2,8)-9(2,7) 28 142.3 69 5.4 57.7 4
91.54978 91.54911 10(1,9)-9(1,8) 25 146.7 180 7.1 56.4 17
blend 98.52388 11(6,6)-10(6,5) 68 114.5
blend 98.52388 11(6,5)-10(6,4) 68 114.5
blend 98.52466 11(7,5)-10(7,4) 83 97.0
98.52447 98.52466 11(7,4)-10(7,3) 83 97.0 203 7.1 59.2 11
blend 98.53207 11(8,4)-10(8,3) 99 76.8
98.53359 98.53397 11(5,7)-10(5,6) 56 129.4 156 9.9 59.8 15
blend 98.53399 11(5,6)-10(5,5) 56 129.4
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Table 19 (continued)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
98.54452 98.54415 11(9,2)-10(9,1) 118 53.9 69 6.0 57.5 10
blend 98.54415 11(9,3)-10(9,2) 118 53.9
98.56609 98.56483 11(4,8)-10(4,7) 46 141.5
blend 98.56679 11(4,7)-10(4,6) 46 141.5 143 9.9 60.7 14
98.61069 98.61010 11(3,9)-10(3,8) 38 150.9 209 6.7 56.8 10
98.70133 98.70110 11(3,8)-10(3,7) 38 150.9 144 5.9 57.9 6
99.68159 99.68150 11(2,9)-10(2,8) 33 157.6 148 4.0 58.3 10
100.61452 100.61428 11(1,10)-10(1,9) 30 161.6 125 5.5 57.9 11
105.46955 105.46929 12(0,12)-11(0,11) 33 177.4 93 6.4 57.9 7
107.04366 107.04351 12(2,11)-11(2,10) 38 172.9 90 6.0 58.2 5
blend 107.48518 12(7,5)-11(7,4) 88 117.3
blend 107.48518 12(7,6)-11(7,5) 88 117.3
107.48648 107.48696 12(6,6)-11(6,5) 74 133.4 118 9.5 59.9 11
blend 107.48696 12(6,7)-11(6,6) 74 133.4
107.49191 107.49157 12(8,4)-11(8,3) 105 98.8 76 5.4 57.6 5
blend 107.49157 12(8,5)-11(8,4) 105 98.8
107.50297 107.50242 12(5,8)-11(5,7) 61 147.0 116 7.4 57.1 8
blend 107.50247 12(5,7)-11(5,6) 61 147.0
blend 107.50360 12(9,3)-11(9,2) 124 77.8
blend 107.50360 12(9,4)-11(9,3) 124 77.8
107.52083 107.51994 12(10,2)-11(10,1) 145 54.4 39 9.0 56.1 8
107.54372 107.54392 12(4,9)-11(4,8) 51 158.1 134 7.8 59.2 7
107.54793 107.54759 12(4,8)-11(4,7) 51 158.1 73 6.4 57.7 6
107.59448 107.59404 12(3,10)-11(3,9) 44 166.7 67 8.0 57.4 7
107.73515 107.73473 12(3,9)-11(3,8) 44 166.7 86 7.6 57.4 9
CH2CHCN 92.42646 92.42625 10(1,10)-9(1,9) 27 144.1 35 6.6 57.9 10
94.27761 94.27663 10(0,10)-9(0,9) 25 145.5 61 7.4 55.5 15
94.76073 94.76078 10(2,9)-9(2,8) 34 139.7 26 7.5 58.8 7
blend 94.91312 10(4,7)-9(4,6) 60 122.3
blend 94.91323 10(4,6)-9(4,5) 60 122.3
94.91395 94.91396 10(5,5)-9(5,4) 79 109.2 33 7.3 58.6 6
blend 94.91396 10(5,6)-9(5,5) 79 109.2
103.57602 103.57540 11(0,11)-10(0,10) 30 160.0 25 7.6 56.8 9
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Table 20. Observed Lines towards G19.61-0.23
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 103.38181 103.38115 12(-2) - 12(1) E 207 0.8 69 5.3 40.0 15
104.06136 104.06066 13(-3) - 12(-4) E 274 3.3 91 6.9 39.9 17
104.33730 104.33656 13(-2) - 13(1) E 237 1.2 67 4.7 39.8 15
104.35532 104.35482 10(4) - 11(3) A− 208 2.5 96 7.2 40.5 18
105.06443 105.06369 13(1) - 12(2) A+ 224 4.3 146 6.6 39.8 17
105.57686 105.57629 14(-2) - 14(1) E 270 1.8 95 4.6 40.3 18
NH2CHO 105.46481 105.46422 5(0,5)-4(0,4) 15 65.3 101 9.1 40.2 14
105.97357 105.97260 5(2,4)-4(2,3) 27 54.9 84 6.2 39.1 18
106.10866 106.10786 5(4,2)-4(4,1) 63 23.5 64 6.1 39.6 17
blended 106.10788 5(4,1)-4(4,0) 63 23.5
106.13468 106.13442 5(3,3)-4(3,2) 42 41.8 47 4.6 41.2 18
106.14198 106.14139 5(3,2)-4(3,1) 42 41.8 54 5.6 40.2 21
CH3CH2CN 104.05127 104.05127 12(1 12)-11(1 11) 34 176.5 78 7.1 41.9 20
105.46999 105.46999 12(0 12)-11(0 11) 33 177.4 102 7.4 39.9 12
CH2CHCN 103.57601 103.57570 11(0 11)-10(0 10) 30 160 63 8.3 41.0 19
104.21317 104.21291 11(2 10)-10(2 9) 39 154.8 61 9.1 41.1 14
104.42009 104.41928 11(6,5)-10(6,4) 108 112.5 89 7.4 39.6 18
blend 104.41928 11(6,6)-10(6,5) 108 112.5
104.43312 104.43302 11(3 9)-10(3 8) 50 148.2 50 9.0 41.6 19
104.96110 104.96147 11(2,9)-10(2,8) 39 154.8 72 5.4 42.9 16
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Table 21. Observed Lines towards DR21(OH)
Species
Obs.
freq
(GHz)
Rest
freq
(GHz) Transition
Eu
(K)
µ2S
(D2)
TA*
(mK)
∆v
(km s−1)
VLSR
(km s−1)
rms
noise
(mK)
CH3OH 105.06372 105.06369 13(1) -12(2) A
+ 224 4.3 41 4.4 -3.1 8
HCOOCH3 103.46663 103.46729 8(2,6)-7(2,5)E 25 20.2 22 3.9 -1.1 9
103.47894 103.47927 8(2,6)-7(2,5)A 25 20.2 27 2.9 -2.0 8
